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A B S T R A C T
C h a p te r  1 r e v i e w s  th e  l i t e r a t u r e  on the  e f f e c t s  of 
n o i s e  w i th in  t h r e e  m e m o r y  p a r a d i g m s .  T h i s  r e v i e w  show s a  
g e n e r a l  t r e n d  in d ic a t in g  th a t  n o is e  i n c r e a s e s  r e l i a n c e  on o r d e r  
i n f o r m a t io n .
C h a p te r  2 th u s  a t t e m p t s  to  e s t a b l i s h  a  r e l a t i o n s h ip  
b e tw e e n  th e  r e c a l l  of o r d e r  in f o r m a t io n  an d  th e  u s e  of p h o n o lo g ic a l  
cod in g  a n d  s u g g e s t s  th a t  n o i s e ,  in  s o m e  w ay , i n t e r f e r e s  w ith  the  
e f f ic ie n c y  w ith  w h ic h  p h o n o lo g ic a l  c o d e s  a r e  u s e d .
C h a p te r s  3 - 6  th e n  d e s c r ib e ©  te n  e x p e r i m e n t s  
c a r r i e d  out to  t e s t  t h i s  h y p o th e s i s .  E x p e r i m e n t s  1 - 4  sh o w ed  
th a t  n o i s e  i m p r o v e d  s e r i a l  o r d e r  r e c a l l  of a c o u s t i c a l l y  s i m i l a r  
l e t t e r s  a n d  th a t  n o i s e  e f f e c t s  w e r e  m o r e  l i k e ly  to  be  o b s e r v e d  
in  c o n d i t io n s  w h e r e  r e h e a r s a l  d e p e n d e d  on s o m e  in t e r n a l l y  s t o r e d  
r e p r e s e n t a t i o n  r a t h e r  th a n  b e in g  g u id e d  by  v i s u a l ly  a v a i la b le  i t e m s .
E x p e r i m e n t s  5 and  6 i n v e s t ig a t e d  th e  e f f e c t s  of
\
n o is e  on a  r e c o g n i t i o n  an d  a  f r e e  r e c a l l  t a s k  a n d  g e n e r a l l y  found  
no  e f f e c t s .
E x p e r i m e n t s  7 an d  8 sh o w e d  th a t  o v e r t  r e h e a r s a l  
of i t e m s  in  n o is e  w a s  s lo w e r .  E x p e r i m e n t  9 th e n  sh o w e d  th a t  
s lo w in g  of r e h e a r s a l  h a d  d i f f e r e n t  c o n s e q u e n c e s  on  m e m o r y  
p e r f o r m a n c e  d e p en d in g  on th e  s p o k e n  le n g th  of th e  t o - b e -  
r e m e m b e r e d  i t e m s .  A  m o d e l  w a s  d e s c r i b e d  to  e x p la in  the  
im p r o v e m e n t  in  r e c a l l  of a c o u s t i c a l ly  s i m i l a r  i t e m s  p r e s e n t e d  
in  no ise , ,  a s  w e l l  a s  th e  i m p a i r m e n t  in  r e c a l l  of d i s s i m i l a r  i t e m s
a n d  of w o r d s  of long  s p o k e n  le n g th .
E x p e r i m e n t  10 sh o w e d  th a t  r e t r i e v a l  of p h o n o lo g ic a l  
c o d e s  w a s  i m p a i r e d  by  n o i s e  w h ile  no e f f e c t s  w e r e  o b s e r v e d  on 
th e  r e t r i e v a l  of s e m a n t i c  c o d e s .  T h i s  w as  s u g g e s te d  a s  b e in g  
r e s p o n s i b l e  f o r  th e  p r e f e r e n c e  w h ich  s u b j e c t s  show  f o r  ad o p tin g  
m a in t e n a n c e  r e h e a r s a l  s t r a t e g i e s ,  w h ich  m a y  in  t u r n  p r o d u c e  the  
e f f e c t s  o b s e r v e d  in  n o is e  of i m p r o v e m e n t  in  o r d e r  r e c a l l  b u t  
i m p a i r m e n t  in  s e m a n t i c  p r o c e s s i n g .
The f in a l  c h a p t e r  i n t e g r a t e s  th e  ab o v e  e v id e n c e  in  
a n  a t t e m p t  to  e x p la in  th e  s t r a t e g i c  n a t u r e  of n o is e  e f f e c t s  on 
m e m o r y  p e r f o r m a n c e .
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C H A P T E R  1 
T H E  E F F E C T S  O F  NOISE ON M EM O R Y
1. I I n t ro d u c t io n
O v e r  th e  p a s t  tw e n ty  y e a r s  a  g ro w in g  body  of f in d in g s  
has e m e r g e d  f r o m  in v e s t ig a t io n s  of th e  e f f e c t s  of m i ld  s t r e s s  on 
m e m o r y  p e r f o r m a n c e .  N u m e r o u s  s tre ss* - in d u c in g  v a r i a b l e s ,  f o r  
e x a m p le  w h ite  n o i s e ,  h e a t ,  s l e e p  d e p r iv a t io n ,  m u s c l e  t e n s io n ,  
v i b r a t i o n  e tc .  an d  n o n - s t r e s s f u l  v a r i a b l e s ,  f o r  e x a m p le  t i m e  of day  
a n d  p e r s o n a l i t y , h a v e  b e e n  u s e d ,  in  a  m u l t i tu d e  of e x p e r i m e n t a l  
p a r a d i g m s ,  in  o r d e r  to  d i s c o v e r  how  m e m o r y  p e r f o r m a n c e  i s  a f f e c te d  
by  e x p o s u r e  to  d i f f e r e n t  i n t e n s i t i e s  of a  s in g le  v a r i a b l e ,  o r  e x p o s u r e  
to  a  c o m b in a t io n  of v a r i a b l e s .
S e v e r a l  e x p la n a t io n s  h av e  b e e n  a d v a n c e d  f o r  th e  f in d in g s  ; 
th e  m o s t  p o p u la r  s u g g e s t s  th a t  s t r e s s o r s  a f f e c t  p e r f o r m a n c e  th ro u g h  
a  c h a n g e  in  th e  in d iv id u a l 's  s t a t e  of a r o u s a l .  An i n v e r t e d  U fu n c t io n ,  
f i r s t  d e m o n s t r a t e d  by  Y e r k e s  a n d  D o d so n  (1908), h a s  b e e n  
h y p o th e s i s e d  a s  b e in g  d e s c r i p t i v e  of th e  a c t io n  of s t r e s s o r s ,  w ith  
p e r f o r m a n c e  d e t e r i o r a t i n g  a s  a  r e s u l t  of e i t h e r  u n d e r  o r  o v e r  a r o u s a l  
a n d  o p t im u m  p e r f o r m a n c e  o c c u r r i n g  a t  i n t e r m e d i a t e  l e v e l s  of a r o u s a l .
R ece n tly ,  h o w e v e r ,  r e s e a r c h e r s  h a v e  b e c o m e  d i s s a t i s f i e d  
w ith  g e n e r a l  e x p la n a t io n s  c o u c h e d  in  t e r m s  of th e  a r o u s a l  m o d e l .  A 
n u m b e r  of c r i t i c i s m s  h a v e  b e e n  l e v e l l e d  a g a i n s t  th i s  m o d e l ;  f i r s t l y  
d i f f i c u l t i e s  c o n c e r n in g  th e  m e a s u r e m e n t  of a r o u s a l  h a v e  b e e n  
e n c o u n t e r e d .  It h a s  b e e n  show n th a t  p e r i p h e r a l  in d i c e s  of a r o u s a l
t
8s u c h  a s  h e a r t  r a t e ,  g a lv a n ic  s k in  r e s p o n s e  an d  m u s c l e  a c t io n  
p o te n t i a l s  a r e  by  no m e a n s  in t e r c h a n g e a b le  a n d  th a t  c o r r e l a t i o n s  
b e tw e e n  m e a s u r e s  a r e  c o r r e s p o n d in g l y  lo w  (L a c e y ,  1967; T a y lo r  
1967 ). L a d e r  (1975) s u g g e s t s  h o w e v e r  th a t  low  c o r r e l a t i o n s  m a y  
be  o b ta in e d  p a r t l y  b e c a u s e  v a r i o u s  in d i c e s  a r e  d i f f e r e n t i a l l y  r e s p o n s i v e  
o v e r  d i f f e r e n t  r a n g e s  of a r o u s a l ,  f o r  e x a m p le  h e a r t  r a t e  i s  m o r e  
s e n s i t i v e  o v e r  th e  h ig h  a n d  g a lv a n ic  sk in  r e s p o n s e  o v e r  th e  low  
r a n g e .  A s e c o n d  p r o b l e m  w h ic h  h a s  b e e n  e n c o u n t e r e d  h a s  b e e n  th a t  of 
th e  p a t t e r n i n g  of th e  a u to n o m ic  r e s p o n s e .  Two f a c t o r s  a r e  s e e n  to  be 
in v o lv e d :  s i t u a t i o n a l  a n d  in d iv id u a l .  S i tu a t io n a l  f a c t o r s  a r e  s e e n  to  be 
s t im u lu s  s p e c i f i c ,  in d iv id u a l  f a c t o r s  a r e  s e e n  a s  b e in g  r e s p o n s e
s p e c i f i c .  T h e r e f o r e  a n y  c h a n g e  of a r o u s a l  in  a n  in d iv id u a l  a t  an y  g iv e n  
t i m e  r e p r e s e n t s  an  i n t e r a c t i o n  b e tw e e n  t h e s e  f a c t o r s .
In  g e n e r a l  t h e r e f o r e  d i f f i c u l t i e s  in  f o r m u l a t i n g  c l e a r  
p r e d i c t i v e  t h e o r i e s  a b o u t  th e  e f f e c t s  o f  a r o u s a l  h a v e  le d  e x p la n a t io n s  
to  be  d e s c r i p i t i v e  in  n a t u r e ,  r a t h e r  th a n  b e in g  a b le  to  s p e c i fy  p r e c i s e l y  
a n y  o f th e  m e c h a n i s m s  in v o lv e d .
A n o th e r  e x p la n a t io n  w h ic h  a l s o  h o ld s  a c e r t a in  a m o u n t  of  
p o p u la r i ty  h a s  b e e n  the  c u e - u t i l i z a t i o n  h y p o t h e s i s  of E a s t e r b r o o k  (1 9 5 9 ) .  
T h is  s t a t e s  th at  a s  a r o u s a l  i n c r e a s e s  the r a n g e  of  c u e s  a t te n d e d  to  in  
p e r f o r m a n c e  d e c r e a s e s ,  r e s u l t in g  in  a f o c u s s i n g  o r  a n a r r o w in g  of  
a t te n t io n .  T h is  ty p e  o f  a p p r o a c h  a l s o  h a s  i t s  d i s a d v a n t a g e s ,  s in c e  i t  
a l s o  i n c o r p o r a t e s  the  c o n c e p t  o f  a r o u s a l .  H o w e v e r  i t  c a n  be s e e n  a s  
th e  f o r e r u n n e r  o f  m o r e  r e c e n t  a l t e r n a t i v e s  w h ic h  h a v e  t r i e d  to  m o v e  
a w a y  f r o m  the c o n c e p t  of a r o u s a l  and  h a v e  s u g g e s t e d  in s t e a d ,  in  
c o g n i t iv e  t e r m s ,  p r e c i s e l y  w hat h a p p en s  w h en  in d iv id u a ls  a r e  e x p o s e d
to  s t r e s s f u l  a n d  non  s t r e s s - i n d u c i n g  c o n d i t io n s .  It i s  s u g g e s te d  th a t  
m e m o r y  p e r f o r m a n c e  r e f l e c t s  c h a n g e s  in  m e m o r y  s t r a t e g y ,  w h ich  
m a y  o c c u r  in  th e  p r e s e n c e  of th e  s t r e s s o r .  T h u s  in d iv id u a l s  a r e  s e e n  
to  be  e x e r c i s i n g  an  a c t iv e  c o n t r o l  o v e r  t h e i r  r e s p o n s e  by  a d o p t in g  
t a s k - r e l e v a n t  s t r a t e g i e s  in  o r d e r  to  m a x i m i z e  p e r f o r m a n c e  u n d e r  
th e  g iv e n  e x p e r i m e n t a l  c o n d i t io n s .
T h i s  ty p e  of e x p la n a t io n  r a i s e s  th e  p r o b l e m  of w hy n o n  
s t r e s s - i n d u c i n g  s t im u l i  sh o u ld  p r o d u c e  c h a n g e s  in  m e m o r y  s t r a t e g y  
s in c e  th e  s u b j e c t s  in  t h e s e  e x p e r i m e n t s  w o u ld  be  u n a w a r e  of t h e i r  
p r e s e n c e .  It c o u ld  h o w e v e r  be  a r g u e d  th a t  t h e s e  c h a n g e s  in  s t r a t e g y  
a r e  p e r h a p s  a u t o m a t i c  a n d  a r e  no t n e c e s s a r i l y  u n d e r  th e  d i r e c t  
c o n t r o l  of th e  s u b je c t .
In  a n y  e v e n t  a  d e t a i l e d  i n v e s t ig a t io n  of th e  c h a n g e s  in  
s t r a t e g y  w h ic h  o c c u r  u n d e r  e x p e r i m e n t a l  m a n ip u la t io n  of s t r e s s -  
in d u c in g  s t im u l i ,  a n d  th e  c a u s e  of s u c h  c h a n g e s ,  s e e m s  w a r r a n t e d  
a n d  th i s  i s  w h a t  w i l l  be  a t t e m p t e d  in  th i s  t h e s i s .
T he  a i m  of th e  r e s t  o f  t h i s  c h a p t e r  i s  to  r e y i e w ,  s e le c t iv e ly ,  
e x p e r i m e n t a l  e v id e n c e  w h ich  h ig h l ig h ts  th e  s t r a t e g i c  n a t u r e  of th e  
e f f e c t s  of d i f f e r e n t  s t r e s s o r s  on  m e m o r y  p e r f o r m a n c e .  In th i s  
r e s p e c t  n o i s e  h a s  b e e n  th e  m o s t  c o n s i s t e n t l y  s tu d ie d  s t r e s s o r  
(m a in ly  b e c a u s e  of th e  e a s e  w ith  w h ic h  i t  i s  m a n ip u la te d )  a n d  
a l th o u g h  th e  m a j o r i t y  of th i s  r e v i e w  w i l l  be c o n f in e d  to . s t u d i e s  
in v e s t ig a t in g  th e  e f f e c t s  of n o is e  on  m e m o r y  p e r f o r m a n c e ,  th e  
r e s u l t s  of o th e r  s t r e s s o r s  w i l l  be d i s c u s s e d  in  o r d e r  to  p o in t  out th e  
d i f f e r e n c e s  a n d  s i m i l a r i t i e s  b e tw e e n  t h e i r  e f f e c t s  a n d  th o s e  of n o is e .
T he  e x p e r i m e n t s  d i s c u s s e d  in  th e  r e v i e w  c a n  be
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c l a s s i f i e d  a s  e m e r g in g  f r o m  th e  u s e  of t h r e e  m a j o r  m e m o r y  p a r a d i g m s  
th o s e  r e q u i r i n g  p a i r e d  a s s o c i a t e  r e c a l l ,  th o s e  r e q u i r i n g  f r e e  r e c a l l  
a n d  f in a l ly  th o s e  r e q u i r i n g  s e r i a l  o r d e r  r e c a l l .  T h is  r e v i e w  sh o w s 
th a t  a l th o u g h  t h e r e  i s  a  g r e a t  d e a l  of i n c o n s i s t e n c y  in  th e  e v id e n c e  
t h e r e  i s  a  g e n e r a l  t r e n d  in d ic a t in g  th a t  n o is e  i n c r e a s e s  s u b je c t s '  
r e l i a n c e  on o r d e r  i n f o r m a t io n .
The s e c o n d  c h a p t e r  th u s  a t t e m p t s  to  e s t a b l i s h  th e  e x i s t e n c e  
of a  r e l a t i o n s h i p  b e tw e e n  th e  r e c a l l  of o r d e r  i n f o r m a t io n  an d  the  u s e  
of p h o n o lo g ic a l  co d in g  an d  s u g g e s t s  th a t  p e r h a p s  n o i s e ,  in  s o m e  w ay , 
i n t e r f e r e s  w ith  th e  e f f ic ie n c y  w ith  w h ich  p h o n o lo g ic a l  c o d e s  a r e  u s e d .  
T h i s  r e d u c t io n  in  e f f ic ie n c y  m a y  be  r e s p o n s i b l e  f o r  th e  p r e f e r e n c e  
w h ic h  s u b je c t s  show  f o r  a d o p t in g  a  m a in te n a n c e  r e h e a r s a l  s t r a t e g y  
w h ic h  m a y  in  t u r n  p r o d u c e  th e  e f f e c t s  o b s e r v e d  on m e m o r y  
p e r f o r m a n c e  in  n o i s e .
C h a p te r s  t h r e e  to  s ix  th e n  d e s c r i b e  e x p e r i m e n t s  c a r r i e d  
ou t to  t e s t  th e  ab o v e  h y p o th e s i s .  T h e  e f f e c t s  of n o is e  on s e r i a l  o r d e r  
r e c a l l ,  on r e c a l l  g iv e n  d i f f e r e n t  t e s t  e x p e c ta t io n s ,  on  r a t e  of 
r e h e a r s a l  an d  f in a l ly  on  th e  p r o c e s s  of p h o n o lo g ic a l  cod ing  i t s e l f  
a r e  o u t l in e d .
T he  f in a l  c h a p t e r  th e n  a t t e m p t s  to  i n t e g r a t e  th i s  e v id e n c e  
a n d  t r i e s  to  e x p la in  th e  s t r a t e g i c  n a t u r e  of n o i s e  e f f e c t s  w h ile  
e m p h a s i z in g  th e  r e l a t i o n s h i p  b e tw e e n  c h a n g e s  in  s t r a t e g y  an d  the  
r e s u l t i n g  m e m o r y  p e r f o r m a n c e .
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1. 2 E x p e r i m e n t s  U t i l iz in g  th e  P a i r e d - a s s o c i a t e  L e a r n in g  P a r a d i g m
R e s e a r c h  in  the  e a r l y  s ix t i e s  c o n c e n t r a t e d  on in v e s t ig a t in g  
th e  r e l a t i o n s h i p  b e tw e e n  e l e c t r o d e r m a l  a c t i v i t y  an d  s u b s e q u e n t  
r e c a l l .  T he  c o n c e p t  of th e  i n v e r t e d  U fu n c t io n ,a s  e l a b o r a t e d  by  
H ebb  ( 1955 ) an d  M a lm o  (1958), s u p p o r te d  th e  p o s i t i o n  th a t  m e a s u r e s  
s u c h  a s  G a lv a n ic  Sk in  R e s p o n s e  (GSR) w e r e  th e  b e s t  i n d i c e s  of 
a c t iv a t io n  o r  g e n e r a l  a r o u s a l .
T h e  i n t e r a c t i o n  b e tw e e n  a r o u s a l  an d  r e t e n t i o n  i n t e r v a l .
K le in s m i th  a n d  K a p la n  (1963, 1964) and  W a lk e r  an d  T a r t e
(196 3 ) e x a m in e d  th e  r e l a t i o n s h i p  b e tw e e n  th e  a r o u s a l  l e v e l  a s s o c i a t e d  
w i th  a  s t im u lu s  a n d  th e  e x te n t  to  w h ic h  th a t  s t im u lu s  w il l  be  r e m e m b e r e d .  
E a c h  of t h e s e  s tu d ie s  c h o s e  i t e m s  to  be l e a r n e d  w h ic h  p r o d u c e d
e i t h e r  h ig h  o r  lo w  a r o u s a l  a s  m e a s u r e d  by  th e  a m p l i tu d e  of th e  GSR 
e v o k e d  by th e  i t e m s .  K l e i n s m i th  a n d  K a p la n  (1963) p a i r e d  the  w o r d s  
K i s s , R a p e , V o m it ,  E x a m ,  D a n c e , M oney , L o v e  an d  S w im  w ith  th e  
d ig i t s  tw o  t h r o u g h  n in e ,  a n d  s u b je c t s  w e r e  g iv e n  one p r e s e n t a t i o n  of 
e a c h  s t im u lu s  w o rd  fo l lo w e d  by  th e  w o rd  p a i r e d  w ith  th e  c o r r e s p o n d in g  
d ig i t .  T h e  a m p l i tu d e  of th e  GSR f o r  e a c h  s t im u lu s  w o rd  w a s  
m e a s u r e d  an d  th e  e ig h t  w o r d s  w e r e  th e n  r a n k e d  in  a s c e n d in g  o r d e r  
of e v o k e d  GSR. M e a s u r e s  of r e c a l l  o b ta in e d  a f t e r  an  i m m e d i a t e  
t e s t  an d  a f t e r  t e s t s  c a r r i e d  ou t a t  v a r y in g  d e l a y s  of up  to  one w e e k  
s h o w e d  th a t  h ig h  a r o u s a l  i t e m s  w e r e  a s s o c i a t e d  w ith  p o o r e r  s h o r t ­
t e r m  (2 m i n s .  ) a n d  b e t t e r  l o n g - t e r m  r e c a l l  (1 w eek ) .
S i m i l a r  r e s u l t s  w e r e  found  by  K le in s m i th  an d  K a p la n
(1964 ) a n d  W a lk e r  a n d  T a r t e  (1963) a n d  w e r e  e x p la in e d  in  t e r m s  of
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W a l k e r ' s  (1958) t h e o r y  of a c t io n  d e c r e m e n t .  A c c o rd in g  to  th i s  t h e o r y  
h ig h  a r o u s a l  d u r in g  th e  a s s o c i a t i v e  p r o c e s s  r e s u l t s  in  a  m o r e  
i n t e n s ly  a c t iv e  t r a c e  w h ic h  p r o d u c e s  t e m p o r a r y  in h ib i t io n  (a c t io n  
d e c r e m e n t )  a g a i n s t  s h o r t  t e r m  r e c a l l ,  b u t  one  w h ich  r e s u l t s  in  
g r e a t e r  long  t e r m  m e m o r y .  S om e s u p p o r t  f o r  th i s  p o s i t i o n  h a s  a l s o  
b e e n  r e p o r t e d  by B e r ly n e ,  B o r  s a .  C ra w ,  G e lm a n  a n d  M a n d e l l  (1965); 
B e r l y n e ,  B o r  s a ,  H a m a  c h e r  an d  K oen ig  (1966) an d  by M c L e a n  ( I 9 6 9 ) 
who a l l  m a n ip u la t e d  a r o u s a l  in d e p e n d e n t ly  of th e  m e a n in g  of th e  
s t im u lu s  i t e m s  b y  p r e s e n t i n g  s o m e  g r o u p s  of s u b je c t s  w ith  w h ite  
n o is e  a t  d i f f e r e n t  t i m e s  d u r in g  l e a r n in g  an d  r e c a l l .  In  th e  B e r ly n e  
e t  a l .  , ( 1965 , E x p t .  3) s tu d y  75dB  w h ite  n o is e  w as  p r e s e n t e d  fo r  
s o m e  of th e  i t e m s  a t  l e a r n i n g  on ly  o r  a t  r e c a l l  on ly . It w a s  found  
th a t  a f t e r  a  r e c a l l  i n t e r v a l  of 24 h o u r s ,  i t e m s  l e a r n e d  u n d e r  e x p o s u r e  
to  w h ite  n o is e  w e r e  r e c a l l e d  s ig n i f i c a n t ly  b e t t e r  th a n  n o n -  w h ite  
n o is e  i t e m s .  I m m e d ia t e  r e c a l l  h o w e v e r  w as  s ig n i f i c a n t ly  l e s s  f o r  
i t e m s  l e a r n e d  u n d e r  w h ite  n o is e  c o m p a r e d  to  th e  n o n -w h i te  n o i s e  
i t e m s .  N o is e  w h en  p r e s e n t e d  a t  th e  r e c a l l  s t a g e  h o w e v e r ,  h a d  no 
e f f e c t s  on p e r f o r m a n c e .  M c L e a n 's  (1969) s tu d y  a l s o  s h o w e d  th a t  
h ig h  a r o u s a l  i t e m s  (i. e .  t h o s e  i t e m s  p r e s e n t e d  in  w h ite  n o is e ) ,  
r e l a t i v e  to  l o w e r ,  s h o w e d  p o o r e r  s h o r t - t e r m  r e c a l l  an d  b e t t e r  
l o n g - t e r m  r e t e n t io n ,  a n d  a g a in  th e  i n t e r a c t i o n  b e tw e e n  n o i s e  l e v e l  
a n d  r e t e n t i o n  i n t e r v a l  w a s  s ig n i f i c a n t .  A  n u m b e r  of s tu d ie s  h o w e v e r ,  
h a v e  f a i l e d  to  f in d  s u c h  a n  in t e r a c t i o n .  B e r ly n e  e t  a l .  , (1966) 
sh o w e d  th a t  a l th o u g h  w h ite  n o i s e  p r e s e n t e d  a t  l e a r n i n g  i n c r e a s e d  
r e c a l l  in  a  t e s t  t r i a l  g iv e n  24 h o u r s  l a t e r ,  i t  h a d  no d e t r i m e n t a l  
e f f e c t s  on  im m e d i a t e  r e c a l l .  S chonpflug  (1966) e m p lo y in g  a
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c o n t in o u s  to n e ,  a b s e n t  o r  p r e s e n t  d u r in g  l e a r n in g ,  found  th a t  h igh  
a r o u s a l  i t e m s ,  r e l a t i v e  to  lo w e r ,  sh o w e d  b e t t e r  s h o r t  (2 m i n s .  ) 
a n d  l o n g t e r m  (45 m i n s .  ) r e t e n t io n .  T h e  i n t e r a c t i o n  of a r o u s a l  and  
r e t e n t i o n  i n t e r v a l  a g a in  n o t  b e in g  s ig n i f i c a n t .
H a v e m a n  a n d  F a r l e y  (1969) in  a n  a t t e m p t  to  e x te n d  th e  
B e r ly n e  e t  a l .  , (1966) s tu d y  e m p lo y e d  CVC n o n s e n s e  s y l la b le  p a i r s  
p r e s e n t e d  u n d e r  75 dB w h ite  n o is e  a n d  found  th a t  th e  p r e d i c t i o n  th a t  
w h i t e -n o i se—in d u c e d  a r o u s a l  w ou ld  i n c r e a s e  l o n g - t e r m  r e c a l l  d id  
n o t  r e c e i v e  c o n f i r m a t io n .  T he  o n ly  r e s u l t  c o n s i s t e n t  w ith  th e  
B e r ly n e  e t  a l .  , (1966) e x p e r i m e n t  w a s  t h a t  w h ite  n o is e  d id  no t 
i m p a i r  i m m e d i a t e  r e c a l l .  H a v e m a n  a n d  F a r l e y  s u g g e s t  th a t  a 
f a i l u r e  to  f in d  a  s ig n i f i c a n t  d i f f e r e n c e  in  e i t h e r  c o n d i t io n  ( i . e .  in  
long  t e r m  o r  s h o r t - t e r m )  m a y  h a v e  b e e n  a  r e s u l t  of " f lo o r  e f f e c t s "  
w ith  s u b je c t s  n o t  show ing  a n  a d e q u a te  a m o u n t  of l e a r n i n g  to  t e s t  the  
h y p o th e s i s  u n d e r  c o n s id e r a t io n .
In s u m m a r y  th e n ,  th e  e x p e r i m e n t s  r e v i e w e d  so f a r  
c o n s i s t e n t l y  sh o w  th a t  h ig h  a r o u s a l ,  e i t h e r  in  th e  f o r m  of ev o k ed  
GSR o r  in d u c e d  by  w h i te  n o i s e ,  l e a d s  to  an  im p r o v e m e n t  in  long  - 
t e r m  r e c a l l .  T he  r e s u l t s  f o r  s h o r t  t e r m  r e c a l l  a r e  h o w e v e r  n o t  so 
c o n s i s t e n t .  F iv e  s tu d ie s  sh o w e d  th e  r e s u l t  of p o o r e r  r e c a l l ,  two 
sh o w e d  no e f fe c t  of n o is e  on  s h o r t  t e r m  m e m o r y  and  one  s tu d y  
(Schonpflug ,  1966) sh o w e d  th a t  s h o r t  t e r m  m e m o r y  i s  b e t t e r  fo r  
h ig h  a r o u s a l  i t e m s .  T h is  i n c o n s i s t e n c y  w as  a l s o  n o te d  by  H o ck ey  
(1 97 7 ) a n d  p r o m p t e d  h i m  to  s u g g e s t  th a t  "one of th e  p r i n c i p a l  
l i m i t a t i o n s  in  the  g e n e r a l i t y  of th e  i m p a i r e d  s h o r t  t e r m  m e m o r y  
c o n c lu s io n  c o n c e r n s  th e  u s e  of th e  p a i r e d - a s s o c i a t e  t a s k  i t s e l f " .
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T h is  d i f f ic u l ty  i s  h ig h l ig h te d  in  an  e x p e r i m e n t  c a r r i e d  out by 
H a m i l to n ,  H o c k e y  a n d  Q uinn  (1972) w h e r e  a  c o n v e n t io n a l  p a i r e d -  
a s s o c i a t e  t a s k  (in  w h ic h  th e  o r d e r  of th e  s t im u lu s  p a i r s  w as  
r a n d o m i s e d  f r o m  s tu d y  to  t e s t  t r i a l s )  w a s  c o m p a r e d  to  one in  
w h ic h  th e  o r d e r  w a s  k e p t  c o n s ta n t .  T h e  r e s u l t s  sh o w e d  th a t  w hen  
o r d e r  of i t e m s  in  l i s t s  w as  m a in t a i n e d  o v e r  s u c c e s s i v e  a n t ic ip a t io n  
t r i a l s ,  s h o r t  t e r m  r e c a l l  w a s  im p r o v e d  in  85 dB a s  c o m p a r e d  to  55 dB 
n o is e  c o n d i t io n s .  T h is  r e s u l t  co u ld  of c o u r s e  b e  s p e c i f i c  to  n o i s e ;  
th o u g h  F o w l e r  a n d  W ild ing  (1979) d id  g e t  i t  w ith  in c e n t iv e s ,  t h e r e  
a r e  no  o th e r  r e p l i c a t i o n s  u s in g  o th e r  a r o u s e r s .  On th e  c o n v e n t io n a l  
t a s k ,  H a m i l to n  e t  a l .  fo u n d  th a t  n o is e  i m p a i r e d  r e c a l l  an d  
s u g g e s t e d  th a t  th i s  r e s u l t  w a s  due to  s u b je c t s  m a k in g  m o r e  u s e  of 
o r d e r  i n f o r m a t io n  in  th e  n o i s e  s t a t e .  M o r e o v e r  i t  w a s  s u g g e s te d  
th a t  the  e f fe c t  of n o is e  l e a d s  to  a  c h a n g e  in  the  w ay  in  w h ic h  
in f o r m a t i o n  i s  p r o c e s s e d  in  th e  t a s k ,  r a t h e r  th a n  s im p ly  a l t e r i n g  
th e  e f f ic ie n c y  of l e a r n in g .  H o c k e y  (1977) f u r t h e r  s u g g e s t s  th a t  
a l th o u g h  th e  r e s u l t s  sh o w in g  im p r o v e d  long  t e r m  r e c a l l  f o r  i t e m s  
l e a r n e d  u n d e r  h ig h  a r o u s a l  a r e  g e n e r a l l y  c o n s i s t e n t ,  th i s  h ig h  
a g r e e m e n t  m a y  a l s o  be a n  a r t i f a c t  of th e  k in d  of t e s t s  th a t  h av e  
b e e n  u s e d  to  m e a s u r e  long  t e r m  r e c a l l .  He o b s e r v e d  th a t :  " A lm o s t  
e v e r y  s tu d y  in  w h ic h  th i s  r e s u l t  i s  fo u n d  i s  of th e  k in d  w h ic h  
T u lv in g  (1972) id e n t i f i e s  a s  d e p e n d in g  on e p i s o d ic  m e m o r y " .
E p i s o d i c  m e m o r y  r e f e r s  to  th e  s t o r a g e  of p a r t i c u l a r  e v e n ts  a n d  
e p i s o d e s  w i th  i t e m s  b e in g  e x p r e s s e d  w ith in  a  p a r t i c u l a r  e x p e r i m e n t a l  
c o n te x t .  H o ck ey  a r g u e s  th a t  s u b je c t s  a r e  r e q u i r e d  to r e c a l l  
a s s o c i a t i o n s  b e tw e e n  i t e m s  in  th e  p a i r e d - a s s o c i a t e  t e s t s  a n d  th a t
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th e  r e s u l t s  s u g g e s t  th a t  h ig h  a r o u s a l  l e a d s  to  b e t t e r  e p i s o d ic  
m e m o r y ,  b e c a u s e  of th e  s t r o n g e r  o r d e r i n g  an d  l i t e r a l  s t o r a g e  of 
i n f o r m a t io n .
So f a r  we h a v e  s e e n  th a t  a l th o u g h  W a l k e r ' s  a c t io n -  
d e c r e m e n t  t h e o r y  c a n  a c c o u n t  f o r  th e  i n t e r a c t i o n  b e tw e e n  a r o u s a l  
a n d  r e t e n t i o n  in t e r v a l ,  th e  r e s u l t s  o b ta in e d  a r e  no t a lw a y s  th e  
o n e s  p r e d i c t e d  by  th e  t h e o r y .  A s  a n  a l t e r n a t i v e  to  W a l k e r ' s  
c o n s o l id a t io n  h y p o th e s i s ,  a  p la u s ib le  e x p la n a t io n  f o r  h ig h  
a r o u s a l  b e in g  a s s o c i a t e d  w ith  b e t t e r  long  t e r m  m e m o r y  h a s  b e e n  
o f f e r e d  by  C r a i k  a n d  B la n k s t e in  (1975). T h e y  s u g g e s t  th a t  an  
a r r e s t i n g ,  e m o t io n a l  o r  i n t e r e s t i n g  s t im u lu s  w i l l  r e c e i v e  g r e a t e r  
a t t e n t io n ,  and  in  v ie w  of W augh  a n d  N o r m a n ' s  (1965) f in d in g s  
th a t  l e a r n in g  i s  p o s i t i v e ly  r e l a t e d  to  th e  a m o u n t  o f  a t t e n t io n  o r  
p r o c e s s i n g  an  i t e m  r e c e i v e s ,  i t  i s  n o t  s u r p r i s i n g  th a t  h ig h  a r o u s a l  
i n t e r e s t  i t e m s  a r e  f o r g o t t e n  l e s s  r a p id l y  th a n  i t e m s  r e c e iv in g  l e s s  
a t t e n t io n .  T h is  h y p o th e s i s  w i l l  be  c o n s i d e r e d  a g a in  in  th e  
d i s c u s s i o n  of e x p e r i m e n t s  u s in g  a  f r e e  r e c a l l  p a r a d i g m .
1. 3 E x p e r i m e n t s  U t i l iz in g  th e  F r e e  r e c a l l  P a r a d i g m .
In a  s i m i l a r  v e in  to  th e  p a i r e d - a s s o c i a t e  s tu d i e s ,  a  
n u m b e r  of s tu d ie s  h a v e  i n v e s t ig a t e d  th e  e f f e c t s  of i t e m  a r o u s a l  on  
r e t e n t io n ,  u s in g  th e  f r e e  r e c a l l  p a r a d i g m .  S ch o n p f lu g  a n d  B e ik e
(1964) p r e s e n t e d  tw e lv e  w o r d s  of e i t h e r  h ig h  o r  lo w  e m o t io n a l i ty  
w ith  e i t h e r  in t e n t io n a l  o r  in c id e n ta l  l e a r n i n g  i n s t r u c t i o n s .  A n a ly s i s  
of th e  f r e e  r e c a l l  s c o r e s  sh o w e d  th a t  in  in t e n t io n a l  l e a r n i n g  c o n d i t io n s ,  
h ig h  e m o t io n a l  w o rd s  w e r e  b e t t e r  r e c a l l e d  th a n  n e u t r a l  w o r d s .  A
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s i m i l a r  p a t t e r n  a l s o  e m e r g e d  f o r  th e  i n c id e n ta l  l e a r n in g  c o n d i t io n s ,  
bu t o v e r a l l  p e r f o r m a n c e  h e r e  w as  m a r k e d l y  lo w e r  th a n  w ith  
in te n t io n a l  i n s t r u c t i o n s ,  G S R 's  m e a s u r e d  d u r in g  l e a r n in g  c o n f i r m e d  
th e  a s s u m p t i o n  th a t  e m o t io n a l  w o r d s  w e r e  m o r e  a r o u s in g  s in c e  
th e y  p r o d u c e d  h ig h e r  s k in  c o n d u c ta n c e  l e v e l s  th a n  n e u t r a l  w o r d s .  
M a l t z m a n ,  K a n to r  an d  L a n g d o n  (1966) a l s o  t e s t e d  f r e e  r e c a l l  of a 
l i s t ,  e i t h e r  im m e d i a t e l y  a f t e r  p r e s e n t a t i o n  o r  t h i r t y  m in u te s  l a t e r ,  
f o r  h ig h  a r o u s a l  o r  low  a r o u s a l  w o r d s .  T h e y  sh o w e d  th a t  h ig h  
a r o u s a l  w o rd s  w e r e  r e c a l l e d  c o n s i d e r a b l y  b e t t e r  a t  b o th  r e t e n t i o n  
i n t e r v a l s .  A d d i t io n a l ly ,  u n l ik e  th e  r e s u l t s  w ith  p a i r e d - a s s o c i a t e  
r e c a l l ,  no i n t e r a c t i o n  b e tw e e n  r e t e n t i o n  i n t e r v a l  and  i t e m  ty p e  w a s  
found . A  n u m b e r  of s i m i l a r  s tu d ie s  by  K a p la n  an d  K a p la n  (1968), 
K a p la n ,  K a p la n  a n d  S a m p s o n  (1968) a n d  by  S a m p s o n  (1969), e a c h  
of w h ic h  m a n ip u la t e d  i t e m  a r o u s a l ,  c o n f i r m e d  th a t  f r e e  r e c a l l  
f o r  h ig h  a r o u s a l  i t e m s  i s  b e t t e r  th a n  fo r  low  a r o u s a l  i t e m s .
M o re  r e c e n t l y  r e s e a r c h e r s  h a v e  c h o s e n  to  m a n ip u la te  
a r o u s a l  in d e p e n d e n t ly  of th e  t o - b e - r e c a l l e d  i t e m s ,  i n o r d e r  to  
o v e r c o m e  th e  p r o b l e m  of s o m e  i t e m s  b e in g  m o r e  a r o u s in g  f o r  
one  s u b je c t ,  bu t no t f o r  o t h e r s .  In an  e a r l y  s tu d y  of Schonpflug  
a n d  S c h a f f e r  (1962), s u b je c t s  w e r e  p r e s e n t e d  l i s t s  of f i f t e e n  
n o n s e n s e  s y l l a b l e s  to  l e a r n  in  th e  p r e s e n c e  of a  c o n t in o u s  to n e  
w h ic h  v a r i e d  in  i n t e n s i t y  f o r  d i f f e r e n t  g ro u p s ,  th r o u g h  th e  r a n g e  
45 to  95 dB . T r i a l s  to  l e a r n  w e r e  u s e d  to  m e a s u r e  p e r f o r m a n c e .  
T h is  w a s  fo u n d  to  be  h ig h e s t  a t  55 dB a n d  a t  95 dB an d  w o r s t  a t  
45 dB , w ith  p e r f o r m a n c e  d e c l in in g  b e tw e e n  55 a n d  85 dB . H a v e m a n
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an d  F a r l e y  u s e d  tw o l e v e l s  of w h ite  n o is e  (40  a n d  79 dB )in  a  t a s k  
w h e r e  s u b je c t s  w e r e  r e q u i r e d  to  l e a r n  t e n - i t e m  l i s t s  of n o n s e n s e  
s y l l a b l e s .  R e c a l l  w as  fo u n d  to  be  e q u iv a le n t  in  the  tw o n o is e  
c o n d i t io n s  on a n  i m m e d i a t e  t e s t ,  b u t  i m p r o v e d  f o r  th e  loud  n o is e  
g ro u p  in  a  t e s t  c a r r i e d  out tw e n ty  fo u r  h o u r s  a f t e r  p r e s e n t a t i o n .
A s ig n i f i c a n t  i n t e r a c t i o n  b e tw e e n  n o i s e  l e v e l  a n d  r e t e n t i o n  i n t e r v a l  
w a s  a l s o  o b ta in e d .
S o m e  f r e e  r e c a l l  s tu d ie s  th u s  show  th a t  i t e m  a r o u s a l  
an d  n o i s e  in d u c e d  a r o u s a l  do no t n e c e s s a r i l y  i m p a i r  i m m e d i a t e  
r e c a l l .  T h is  of c o u r s e  c o n t r a d i c t s  th e  f in d in g s  o b ta in e d  by  
K le i n s m i th  an d  K a p la n  (1963) u s in g  p a i r e d - a s s o c i a t e  l e a r n in g .
T h e  o n ly  f r e e  r e c a l l  s tu d y  s u p p o r t in g  th e  p a i r e d - a s s o c i a t e  f in d in g  
i s  th a t  of H a v e m a n  an d  F a r l e y  ( I 9 6 9 ). A s  p o in te d  ou t a b o v e ,  
H a v e m a n  a n d  F a r l e y  a l s o  o b s e r v e d  a n  i n t e r a c t i o n  b e tw e e n  n o is e  
l e v e l  a n d  r e t e n t i o n  i n t e r v a l ,  bu t e v e n  in  th i s  s tu d y  lo u d  n o is e  d id  
n o t  i m p a i r  p e r f o r m a n c e  on  th e  im m e d i a t e  t e s t  a l th o u g h  i t  d id  
i m p r o v e  p e r f o r m a n c e  on th e  d e l a y e d  t e s t .  W hat s e e m s  c l e a r  
t h e r e f o r e ,  i s  th a t  th e  e v id e n c e  w ith  r e g a r d  to  th e  e f f e c t s  of 
a r o u s a l  on  s h o r t  t e r m  m e m o r y  i s  no t a s  s t r a i g h t f o r w a r d  a s  i t  
f i r s t  a p p e a r e d ,  b u t  i s  a c t u a l l y  r a t h e r  a m b ig o u s .  A  n u m b e r  of 
s tu d ie s  h a v e  sh o w n  e i t h e r  no e f f e c t  of a r o u s a l  on  im m e d i a t e  
m e m o r y  o r  an  im p r o v e m e n t ,  d e p e n d in g  on th e  m e m o r y  t a s k  u s e d .  
H o w e v e r ,  th i s  i s  n o t  th e  c a s e  w ith  th e  d e la y e d  r e c a l l  d a ta  w h e r e  
h ig h  a r o u s a l  h a s  g e n e r a l l y  b e e n  sh o w n  to  i m p r o v e  r e c a l l .  T h is  
d i s a s s o c i a t i o n  of th e  e f f e c t s  of a r o u s a l  on  s h o r t  a n d  long  t e r m  
m e m o r y  th u s  s e r i o u s l y  u n d e r m i n e s  th e  u s e f u l n e s s  of W a l k e r ' s
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a c t io n  d e c r e m e n t  t h e o r y ,  s in c e  i t  c a n  no lo n g e r  e x p la in  the  
r e s u l t s  o b s e r v e d .  T h is  p o in t  h a s  b e e n  m a d e  by  s e v e r a l  r e v i e w e r s  
a n d  in  p a r t i c u l a r  by M. E y s e n c k  (1976, 1977) and  by H o ck ey  (1979) 
w ho in  a d d i t io n  to  th e  c r i t i c i s m s  o u t l in e d  a b o v e  h av e  r a i s e d  
s e v e r a l  o th e r  d i f f i c u l t i e s  w ith  W a l k e r ’s t h e o r y .  F o r  e x a m p le  
H o c k e y  o b s e r v e s  th a t :  "A  n u m b e r  of s tu d ie s  find_np e f fe c t  on  long  
t e r m  r e c a l l  of a r o u s a l  in d u c in g  t r e a t m e n t s  a p p l ie d  a f t e r  p r e s e n t a t i o n  
of m a t e r i a l  to be l e a r n e d ,  e . g .  B e r ly n e  e t  a l .  , (1969). If a s  
W a lk e r  (1958) a r g u e s ,  th e  e f f e c t  of a r o u s a l  on th e  c o n s o l id a t io n  
p r o c e s s  i s  n o n - s p e c i f i c  th e  i n c r e a s e  in  s t im u la t io n  l e v e l  a f t e r  
p r e s e n t a t i o n  s h o u ld  r e s u l t  in  th e  s a m e  k in d  of e f fe c t  a s  th a t  found  
w ith  h ig h  a r o u s a l  d u r in g  l e a r n i n g " .
E y s e n c k  p o in t s  ou t: "A n im p l i c a t i o n  of W a l k e r ' s  h y p o th e s i s  
i s  th a t  m e m o r y  t r a c e s  d i f f e r  f r o m  one a n o th e r  q u a n t i t a t iv e ly ,  i. e .  
h ig h  a r o u s a l  m a k e s  t r a c e s  s t r o n g e r  th a n  th e y  w ou ld  o th e r w i s e  h a v e  
b e e n .  T he  f in d in g s  of H a m i l to n  e t  a l .  , (1972) h o w e v e r  in d ic a te  
th a t  h ig h  a r o u s a l  m a y  a f f e c t  q u a l i t a t iv e ly  th e  r e s u l t a n t  m e m o r y  
t r a c e " .  H o c k e y  f u r t h e r  a d d s  " s i n c e  th e  e f f e c t s  of n o is e  d e p e n d  so  
c r i t i c a l l y  on  w h e th e r  o r d e r  in f o r m a t io n  b e tw e e n  s u c c e s s i v e  p a i r s  
of i t e m s  i s  r e l e v a n t  o r  n o t ,  th e  id e a  th a t  i t  i m p a i r s  s h o r t  t e r m  
r e c a l l  th r o u g h  i t s  c o n s o l id a t io n  e f f e c t  m u s t  be r e j e c t e d .  I n s t e a d  
t h e s e  d a ta  m u s t  im p ly  th a t  n o i s e  i n c r e a s e d  th e  u s e  m a d e  of 
s e q u e n t i a l  o r  p o s i t i o n a l  in f o r m a t io n  p r e s e n t  in  a  t a s k " .
19
S e m a n t ic  p r o c e s s i n g  in  h ig h  a r o u s a l  c o n d i t io n s .
E a s t e r b r o o k  (1959) p r o p o s e d  th a t  an  i n c r e a s e  in  a r o u s a l  
l e v e l  r e s t r i c t s  th e  r a n g e  of c u e s  th a t  a  s u b je c t  h a s  a v a i l a b l e  in  
p e r f o r m i n g  a  t a s k .  D u r in g  lo w  l e v e l s  of a r o u s a l ,  s e l e c t io n  in  th e  
u t i l i z a t i o n  of c u e s  i s  a l s o  low  a n d  i r r e l e v a n t  c u e s  m a y  be 
a c c e p te d  u n c r i t i c a l l y ,  bu t w h en  a r o u s a l  i s  v e r y  h ig h  s o m e  r e l e v a n t  
c u e s  m a y  no  lo n g e r  be  a v a i l a b l e  r e s u l t i n g  in  p o o r e r  t a s k  
p e r f o r m a n c e .  S i m i l a r l y  H o c k e y  (1970) an d  B r o a d b e n t  (1971) h a v e  
s u g g e s t e d  th a t  a n  i n c r e a s e  in  a r o u s a l  l e v e l  d i r e c t s  a t t e n t io n  
to w a r d s  h ig h  p r i o r i t y  (i. e. d o m in a n t)  t a s k  c o m p o n e n ts  a n d  aw ay  
f r o m  lo w  p r i o r i t y  (i. e. n o n -d o  m in a n t )  o n e s .  T h e  e a r l i e s t  s tu d y  to  
i n v e s t i g a t e  w h e th e r  n o i s e  a f f e c t e d  o r g a n iz a t i o n a l  t e n d e n c ie s  w as  
c a r r i e d  ou t by  H o r m a n n  a n d  O s t e r k a m p  (1966). T h e s e  r e s e a r c h e r s  
m e a s u r e d  th e  a m o u n t  of c l u s t e r i n g  by  c a t e g o r y  in  th e  r e c a l l  
p r o t o c o l s  a n d  u s e d  th i s  a s  a n  in d i c a to r  o f  s e m a n t i c  o r g a n iz a t i o n .
95 dB w h ite  n o i s e  w as  p r e s e n t e d  d u r in g  r e c a l l  of w o rd s  f r o m  s ix  
c a t e g o r i e s  to  g r o u p s  of s u b je c t s  sh o w in g  h ig h  o r  lo w  i n t e r f e r i n g  
s c o r e s  on  a  S t ro o p  c o lo u r  t e s t .  S e m a n t i c  o r g a n iz a t i o n ,  a s  
i n d i c a t e d  by  th e  s i z e  of th e  c l u s t e r s ,  w a s  fo u n d  to  be r e d u c e d  in  
th e  h ig h  i n t e r f e r i n g  g ro u p  in  n o i s e ,  th e  r e v e r s e  t r e n d  b e in g  fo u n d  
in  th e  lo w  i n t e r f e r e n c e  g ro u p .  U n fo r tu n a te ly  no  s t a t i s t i c a l  t e s t  
w as  c a r r i e d  o u t  to  s e e  i f  th i s  e f f e c t  w a s  s ig n i f i c a n t  o r  no t.
S c h w a r tz  (1973) n o t in g  th e  s tu d y  b y  H o r m a n n  an d  
O s t e r k a m p  (1966) an d  b e a r i n g  in  m in d  th e  f in d in g s  of H a m i l to n  
e t  a l .  , (1972) h y p o th e s i s e d  th a t  s in c e  a r o u s a l  c o u ld  i m p a i r  m e m o r y
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by  r e d u c in g  s e m a n t i c  c l u s t e r i n g  o r  im p r o v e  i t  by  f a c i l i t a t i n g  
o r d e r  r e c a l l ,  th e  e f f e c t s  of a r o u s a l  w o u ld  b e  a  fu n c t io n  of th e  
i n t e r a c t i o n  of a  n u m b e r  of f a c t o r s  in c lu d in g  th e  n a t u r e  of th e  
m a t e r i a l  to  be  r e m e m b e r e d  an d  th e  e f f ic ie n c y  of th e  
o r g a n i z a t i o n  s t r a t e g y  u s e d .  On the  b a s i s  of th i s  h e  d e v e lo p e d  
a  m o d e l  w h ich  p r o p o s e d  th a t  a r o u s a l  f a c i l i t a t e s  m e m o r y  w hen  
r e c a l l  i s  b a s e d  on  th e  p h y s i c a l  c h a r a c t e r i s t i c s  of the  s t im u l i  
b u t  h i n d e r s  i t  w h en  r e c a l l  i s  b a s e d  on th e  s e m a n t i c  a s p e c t s  of 
th e  s t im u l i .  M o re  r e c e n t l y  a  l e v e l s  of p r o c e s s i n g  v ie w  ( C r a ik  
a n d  L o c k h a r t ,  1972) h a s  a l s o  b e e n  u s e d  to  p o in t  ou t th i s  d i s t in c t io n .  
H e r e  i t  i s  a s s u m e d  th a t  w h ite  n o i s e  in d u c e s  lo w e r  l e v e l  en co d in g  
of a  l i m i t e d  n u m b e r  of a t t r i b u t e s  a n d  th a t  f e w e r  d e e p e r  f e a t u r e s  
of th e  i n f o r m a t io n  p r e s e n t e d  a r e  e n c o d e d .  R e tu r n in g  to  S c h w a r tz ,  
in  a n  e x p e r i m e n t  c a r r i e d  out to  t e s t  h i s  m o d e l ,  S c h w a r tz  (1974) 
p r e s e n t e d  s u b je c t s  w ith  f o u r  ty p e s  of s t im u lu s  m a t e r i a l :  n o r m a l  
s e n t e n c e s ,  a n a g r a m  s t r i n g s ,  a n o m a lo u s  s t r i n g s  a n d  r a n d o m  w o rd s ,  
W hite  n o i s e  o r  s i l e n c e  a c c o m p a n i e d  th e  p r e s e n t a t i o n  of the  
m a t e r i a l  a n d  s u b je c t s  w e r e  r e q u i r e d  to  r e c a l l  a s  m a n y  i t e m s  a s  
th e y  co u ld  i m m e d i a t e l y  a f t e r  c o m p le t io n  of th e  l i s t .  T he r e s u l t s  
s h o w e d  a  s ig n i f i c a n t  n o is e  by  s e n te n c e  ty p e  i n t e r a c t i o n  in  w h ic h  
n o r m a l  s e n t e n c e s  w e r e  fo u n d  to  be  th e  w o r s t  a f f e c t e d  by  n o i s e .
T h u s  i t  w a s  s u g g e s te d  th a t  n o i s e  i m p a i r e d  s e m a n t i c  p r o c e s s i n g  
a s  th e  n o r m a l  s e n t e n c e s  p r e s u m a b l y  c o n ta in e d  th e  m o s t  s e m a n t i c  
f e a t u r e s .  In  th e  s e c o n d  e x p e r i m e n t  S c h w a r tz  m a n ip u la t e d  a r o u s a l  
a g a in  by  u s in g  w h ite  n o is e  b u t  th i s  t i m e  r e q u i r e d  s u b je c t s  to
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l e a r n  e i t h e r  u n r e l a t e d  w o r d s ,  p h o n e m ic a l ly  r e l a t e d  w o rd s  o r  
s e m a n t i c a l l y  r e l a t e d  w o r d s .  F r e e  r e c a l l  w a s  t e s t e d  e i t h e r  
i m m e d i a t e l y  o r  2 m in u te s  l a t e r ;  r e s u l t s  s h o w e d  th a t  a t  bo th  
r e t e n t i o n  i n t e r v a l s  t h e r e  w as  a  h ig h ly  s ig n i f i c a n t  i n t e r a c t i o n  
b e tw e e n  n o i s e  l e v e l  a n d  ty p e  of m a t e r i a l  w ith  th e  h ig h  n o is e  
c o n d i t io n  im p r o v in g  r e c a l l  of p h o n e m ic a l ly  r e l a t e d  l i s t s  a n d  
i m p a i r i n g  r e c a l l  of s e m a n t i c a l l y  r e l a t e d  l i s t s .
S i m i l a r l y ,  D a e e  a n d  W ild ing  (1977) sh o w e d  th a t  w h ite  
n o is e  r e d u c e d  th e  n u m b e r  of i t e m s  r e m e m b e r e d  in  a  f r e e  r e c a l l  
t a s k ,  bu t th a t  n o is e  h a d  a  n o n - m o n o to n ic  e f f e c t  on  c a t e g o r y  
c l u s t e r i n g  an d  r e c a l l  in  th e  c o r r e c t  s e q u e n c e .  T h r e e  n o is e  
c o n d i t io n s  w e r e  c o m p a r e d :  q u ie t  ( a p p r o x im a te ly  65 dB C ), 75 dB C  
an d  85 dB C  an d  i t  w as  sh o w n  th a t  c a t e g o r y  c l u s t e r i n g  w a s  lo w e s t  
a n d  r e c a l l  in  th e  c o r r e c t  s e q u e n c e  h ig h e s t  a t  75 dB C . In 
e x p la n a t io n ,D a e e  a n d  W ild ing  p r o p o s e  th a t  i n c r e a s e d  n o is e  o r  
a r o u s a l  l e v e l  p r o lo n g s  th e  d u r a t io n  of t r a c e s  : "At an  i n t e r m e d i a t e  
l e v e l  of n o i s e ,  t r a c e s  a r e  of o p t im u m  d u r a t i o n  to  e s t a b l i s h  a 
c o n n e c t io n  w ith  th e  t r a c e  of th e  n e x t  i t e m  w hen  i t  a r r i v e s ,  w ith o u t
b e in g  c o n n e c te d  to  t r a c e s  of l a t e r  i t e m s   A t s t i l l  h ig h e r
l e v e l s  of n o i s e  t r a c e s  l a s t  l o n g e r ,  an d  m o r e  i n t e r c o n n e c t io n s  
d e v e lo p  an d  t h e r e f o r e  c o m p e te  w ith  e a c h  o th e r " ,  (p. 346).
In a  s tu d y  by  S m ith  (1980), n o is e  w a s  p r e s e n t e d  a t  
b o th  l e a r n in g  and  r e c a l l .  A n a ly s i s  of th e  f r e e  r e c a l l  s c o r e s  a g a in  
s h o w e d  r e d u c e d  c a t e g o r y  c l u s t e r i n g  a f t e r  e x p o s u r e  to  th e  85 dB, 
c o m p a r e d  to  th e  55 dB c o n d i t io n s .  On th e  b a s i s  of s i m i l a r  r e s u l t s  
o b ta in e d  by  m a n ip u la t in g  t e s t  a n x ie ty ,  M u e l l e r  (1976, 1977 a n d
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1978), M u e l l e r  a n d  O v e r c a s t  (1976) an d  M u e l l e r ,  C a r l m u s to  
an d  M a r i e r  (1977 an d  1978) h a v e  s u g g e s te d  th a t  h ig h  a n x ie ty  in d u c e s  
m a in t e n a n c e  r a t h e r  th a n  e l a b o r a t i o n  p r o c e s s i n g .  A s p o in te d  out 
e a r l i e r ,  t h i s  d i s t i n c t i o n  a r o s e  ou t of C r a ik  an d  L o c k h a r t ' s  (1972) 
p r o p o s a l  th a t  r e h e a r s a l  m a y  e i t h e r  e l a b o r a t e  th e  t r a c e  of 
i n c o m in g  m a t e r i a l  by  i n c o r p o r a t i n g  r n o r e  f e a t u r e s  of th e  i t e m s  
o r  th a t  r e h e a r s a l  m a y  r e p e a t  p r o c e s s i n g  of th e  c o m p o n e n ts  
a l r e a d y  a n a l y s e d  a n d  t h e r e f o r e  m a in t a i n  a n a l y s i s  a t  a  g iv e n  le v e l .  
W ild ing  an d  M o h in d ra  (1982, p a p e r  s u b m i t t e d  fo r  p u b l ic a t io n )  in  
e x te n d in g  th i s  h y p o th e s i s  to  n o is e  p o in t  ou t: " M a in te n a n c e  
p r o c e s s i n g  d o es  no t im p ly  l a c k  of s e m a n t i c  p r o c e s s i n g ,  s in c e  
w o r d s  m a y  be  p r o c e s s e d  s e m a n t i c a l l y  b u t  fe w  f e a t u r e s  o r  
a s s o c i a t i o n s  o r  r e l a t i o n s  b e tw e e n  th e  i t e m s  e n c o d e d ,  b e c a u s e  
r o t e  r e p e t i t i o n  of th e  l i s t  i s  th e  s t r a t e g y  a d o p te d  to  d e a l  w ith  th e  
m e m o r y  t a s k .  T h e  a b s e n c e  of c a t e g o r y  c l u s t e r i n g  in  f r e e  r e c a l l  
co u ld  t h e r e f o r e  b e  due to  e i t h e r  l a c k  of s e m a n t i c  p r o c e s s i n g  o r  
to  l a c k  of e l a b o r a t i v e  p r o c e s s i n g  w h ic h  o r g a n i z e s  th e  w o r d s  
in to  c a t e g o r y  g r o u p s " .  C le a r ly  i t  i s  n e c e s s a r y  to  t e s t  th e  
e f f ic ie n c y  of s e m a n t i c  p r o c e s s i n g  u n d e r  th e  d i f f e r e n t  c o n d i t io n s  
m o r e  d i r e c t l y ,  p a r t i c u l a r l y  b e c a u s e  in  th e  a b o v e  e x p e r i m e n t s  
of H o r m a n n  a n d  O s t e r k a m p  (1966), S c h w a r tz  (1974), D a e e  an d  
W ild ing  (1977) a n d  S m ith  (1980) s u b je c t s  h a d  a  c h o ic e  of s t r a te g y ,  
t h e r e f o r e  a b s e n c e  of s e m a n t i c  e f f e c t s  d o e s  no t im p ly  th a t  th e y  
co u ld  n o t  p r o c e s s  s e m a n t i c a l l y  i f  r e q u i r e d  to  do so .
T h e r e  h a v e  a l s o  b e e n  in d i c a t i o n s  f r o m  the  t i m e  of day  
l i t e r a t u r e  t h a t  s u b je c t s  show  a  p r e f e r e n c e  f o r  d i f f e r e n t  ty p e s  of
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p r o c e s s i n g  a s  a r o u s a l  (as  i n d i c a te d  by  i n c r e a s e s  in  body 
t e m p e r a t u r e )  i n c r e a s e s  o v e r  th e  d ay .  F o l k a r d  a n d  M onk (1979, 
E x p e r i m e n t  3) sh o w e d  th a t  in  a n  im m e d i a t e  f r e e  r e c a l l  t e s t  of 
15 w o rd  l i s t s ,  t e s t e d  a t  e i t h e r  10. 00 h o u r s  o r  16. 00 h o u r s ,  t h e r e  
w a s  a  0. 65 w o rd  s u p e r i o r i t y  fo r  th e  10. 00 h o u r s  c o n d i t io n .  If 
h o w e v e r  r e c a l l  w a s  t e s t e d  a f t e r  c o n d i t io n s  of a r t i c u l a t o r y  
s u p p r e s s i o n  (a t p r e s e n t a t i o n  of i t e m s )  m o r n in g  s u p e r i o r i t y  
d i s a p p e a r e d  c o m p le te ly .  A c c o rd in g  to  F o l k a r d  (1980) th i s  r e s u l t  
s u g g e s t s  th a t :  " s u b j e c t s  e n g a g e  in  m o r e  s p o n ta n e o u s  r e h e a r s a l  
t h a t  t a k e s  no a c c o u n t  of th e  i t e m s '  m e a n in g  in  the  m o r n i n g " .  In 
a n o t h e r  e x p e r i m e n t  F o l k a r d  (1979, E x p e r i m e n t  2) d e m o n s t r a t e d  
th a t  t h e r e  w as  an  i n c r e a s e  in  s e m a n t i c  p r o c e s s i n g  o v e r  th e  day .
In th i s  e x p e r i m e n t  s u b je c t s  l e a r n e d  a  l i s t  c o m p r i s in g  s e m a n t i c a l l y  
s i m i l a r  a d j e c t i v e s  ( fo r  e x a m p le  : h u g e ,  l a r g e ,  b ig  e t c . )  w h ile  
o t h e r s  l e a r n e d  a  c o n t r o l  l i s t  c o n ta in in g  u n r e l a t e d  a d j e c t i v e s .  In 
o r d e r  to  m i n im i z e  th e  c o n t r i b u t io n  f r o m  s h o r t  t e r m  m e m o r y  
a n  i n t e r p o l a t e d  t a s k  w a s  a l s o  r e q u i r e d  to be  c a r r i e d  out b e tw e e n  
e a c h  p r e s e n t a t i o n  of th e  l i s t  an d  i t s  s u b s e q u e n t  r e c a l l .  The 
d e t r i m e n t a l  e f f e c t  of s e m a n t i c  s i m i l a r i t y  w a s  fo u n d  to  be  
c o n s i d e r a b l y  g r e a t e r  a t  19. 30 h o u r s  th a n  a t  10. 30 h o u r s ,  
s u p p o r t in g  th e  v ie w  th a t  s u b je c t s  p l a c e d  g r e a t e r  r e l i a n c e  on  
s e m a n t i c  p r o c e s s i n g  l a t e r  in  th e  day .  T h i s  r e s u l t  c o n t r a d i c t s  
r e s u l t s  found  w ith  n o i s e ,  w h e re  h ig h  l e v e l s  of a r o u s a l  s e e m  to  
i m p a i r  s e m a n t i c  p r o c e s s i n g .  P o s t  ho c ,  th e  d i f f e r e n c e  co u ld  
be a c c o u n te d  f o r  by  the  s u g g e s t io n  th a t  t i m e  of day  i s  a n  
e n d o g e n o u s  v a r i a b l e  w h ile  n o is e  i s  m o r e  of a  d i s t r a c t o r .  B ut
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t h i s  i s  no t a  c o m p le te  e x p la n a t io n ,  t h e r e f o r e  s o m e  a t t e m p t s  
h a v e  b e e n  m a d e  to  t e s t  th e  e f f e c t  of a r o u s a l  on  s e m a n t i c  
p r o c e s s i n g  m o r e  d i r e c t l y ,  in  o r d e r  to  d i s c o v e r  w h e th e r  i t  i s  
i m p a i r e d  w h en  it  i s  e s s e n t i a l  to  th e  t a s k  r a t h e r  th a n  be ing  
n e c e s s a r y  on ly  if  a  p a r t i c u l a r  s t r a t e g y  i s  a d o p te d .  E y s e n c k  and  
E y s e n c k  (1979) d i r e c t l y  e x a m in e d  the  e f f ic ie n c y  of s e m a n t i c  
p r o c e s s i n g  f o r  a  g ro u p  of e x t r a v e r t s  o r  i n t r o v e r t s ,  p r e s u m a b l y  
v a r y in g  in  a r o u s a l  a c c o r d in g  to  H, J .  E y s e n c k 's  (1967) p r o p o s a l  
th a t  i n t r o v e r t s  h a v e  h ig h e r  c o r t i c a l  a r o u s a l  th a n  e x t r a v e r t s .
T h e  e x p e r i m e n t  w as  c o n d u c te d  u s in g  a  f o r m  of th e  S t e r n b e r g  
( 196 6 ) m e m o r y  s c a n n in g  t a s k  in  w h ic h  s u b je c t s  w e r e  p r e s e n t e d  
w ith  a  s e t  of w o r d s  (the m e m o r y  s e t )  fo l lo w e d  by  a  s in g le  w o rd  
(the t a r g e t  w o rd )  a n d  a s k e d  to  s a y  w h e th e r  th e  t a r g e t  w as  p r e s e n t  
o r  n o t  in  th e  m e m o r y  s e t .  S u b je c t s  p e r f o r m e d  in  e i t h e r  a  
p h y s i c a l  m a t c h  c o n d i t io n  o r  a  s e m a n t i c  m a tc h  co n d i t io n  (judging  
w h e th e r  th e  t a r g e t  w a s  a  m e m b e r  of th e  c a t e g o r i e s  p r e s e n t e d  in  
th e  m e m o r y  s e t ) .  T he  r e s u l t s  sh o w e d  th a t  t h e r e  w a s  no d i f f e r e n c e  
b e tw e e n  i n t r o v e r t s  an d  e x t r a v e r t s  in  s c a n n in g  f o r  p h y s i c a l  
f e a t u r e s ,  b u t  th a t  i n t r o v e r t s  w e r e  s lo w e r  th a n  e x t r a v e r t s  in  
s c a n n in g  f o r  s e m a n t i c  f e a t u r e s  of c a t e g o r y  m e m b e r s h i p ,  due to  
a  r a p i d  i n c r e a s e  in  d e c i s i o n  t i m e  w ith  an  i n c r e a s e  in  s iz e  of 
m e m o r y  s e t .  - D u a l  t a s k  c o n d i t io n s ,  w h e re  s c a n n in g  h a d  to  be  
p e r f o r m e d  on  th e  b a s i s  of e i t h e r  a  p h y s i c a l  o r  a  s e m a n t i c  m a tc h  
a l s o  s h o w e d  th a t  i n t r o v e r t s  w e r e  s lo w e r  th a n  e x t r a v e r t s  an d  
s u p p o r t e d  th e  h y p o th e s i s  th a t  h ig h  a r o u s a l  r e d u c e d  th e  e x te n t  
of p a r a l l e l  o r  s h a r e d  p r o c e s s i n g .
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In a d d i t io n  to  th e  m a n ip u la t io n  of s u b je c t  a r o u s a l ,  
E y s e n c k  an d  E y s e n c k  in c lu d e d  w h ite  n o is e  in  s o m e  c o n d i t io n s .
85 dB i n t e n s i t y  w h i te  n o i s e  w a s  p r e s e n t e d  i n t e r m i t t e n t l y  w h ile  
s u b j e c t s  p e r f o r m e d  th e  s e a r c h  t a s k .  R e s u l t s  w ith  n o is e  h o w e v e r  
f a i l e d  to  h av e  an y  s ig n i f i c a n t  e f f e c t  on r e s p o n s e  l a t e n c y .  W ild ing  
a n d  M o h in d ra  (1982, p a p e r  p r e s e n t e d  f o r  p u b l ic a t io n )  a l s o  
e x a m in e d  th e  e f f e c t s  of n o is e  in  a  m e m o r y  s c a n n in g  t a s k .  H e re  
s u b je c t s  r e s p o n d e d  p o s i t i v e ly to  th e  t a r g e t  i t e m  if  i t  w as  id e n t i c a l  
to  a n y  i t e m  in  th e  m e m o r y  s e t  ( p h y s ic a l  m a tc h  c o n d i t io n )  o r  if  
w a s  sy n o n y m o u s  w ith  an y  i t e m  in  th e  m e m o r y  s e t  ( s e m a n t ic  
m a t c h  c o n d i t io n ) .  No e f f e c t s  of n o is e  o v e r  th e  t h r e e  i n t e n s i t i e s  
u s e d  (6 5  dbC , 75 dB C  o r  85 dBC) w e r e  o b ta in e d ,  s u p p o r t in g  the  
n o t io n  th a t  r e d u c e d  c a t e g o r y  c l u s t e r i n g  in  n o i s e  m u s t  be  due to  
an  o p t io n a l  s t r a t e g y  of r e d u c e d  e l a b o r a t i o n  in  p r o c e s s i n g  
r a t h e r  th a n  a  r e d u c t io n  in  a c c e s s  to  th e  s e m a n t i c  co d e .
M o re  r e c e n t l y  th i s  q u e s t io n  h a s  b e e n  e x p l o r e d  f u r t h e r  
in  e x p e r i m e n t s  i n v e s t ig a t in g  th e  e f f e c t s  of n o i s e  on  c l u s t e r i n g  in  
c o n d i t io n s  w h e r e  s u b je c t s  c a r r y  ou t d i f f e r e n t  o r i e n t in g  t a s k s .  In 
th i s  m a n n e r  th e  ty p e  o f  p r o c e s s i n g  a n  i t e m  r e c e i v e s  c a n  be 
c o n t r o l l e d .  A n o r i e n t in g  t a s k  w h ic h  in v o lv e s  r a t i n g  a n  i t e m  a lo n g  
th e  d im e n s io n  of p l e a s a n t  - u n p le a s a n t  i s  g e n e r a l l y  th o u g h t  to  
in v o k e  s e m a n t i c  e n c o d in g .  W a lsh  a n d  J e n k in s  (1973) found  th a t  
r a t i n g  i t e m s  a lo n g  s u c h  a  d im e n s io n  e n h a n c e d  p e r f o r m a n c e  in  
a  f r e e  r e c a l l  t a s k  r e l a t i v e  to  two n o n - s e m a n t i c  o r i e n t in g  t a s k s .
In th e  l a t t e r  t a s k s  s u b je c t s  w e r e  r e q u i r e d  to  e s t i m a t e  th e
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n u m b e r  of s y l l a b le s  c o n ta in e d  in  e a c h  w o rd  o r  to  lo o k  f o r  w o r d s  
w h ic h  c o n ta in e d  a n  'e '  o r  a  'g '  i n  i t s  s p e l l in g .  W ith  r e g a r d  to  th e  
e f f e c t s  of n o i s e  th e  fo l lo w in g  p r e d i c t i o n s  c a n  b e  m a d e .  Should  
n o is e  c o n t in u e  to  r e d u c e  c a t e g o r y  c l u s t e r i n g  w hen  s e m a n t i c  
p r o c e s s i n g  i s  in d u c e d  by  u s e  of an  o r ie n t in g  t a s k ,  we c a n  
c o n c lu d e  e i t h e r  th a t  th e  o r i e n t in g  t a s k  h a s  f a i l e d  to  be  e f f e c t iv e  
o r ,  m o r e  p l a u s i b l y ,  th a t  e l a b o r a t i o n  in  th e  s e n s e  p r e v io u s l y  
d i s c u s s e d  d o e s  n o t  o c c u r  in  n o is e .  If h o w e v e r ,  th e  r e d u c t io n  
in  c a t e g o r y  c l u s t e r i n g  in  n o is e  v a n i s h e s  o r  i s  r e d u c e d ,  th e n  we 
c a n  c o n c lu d e  th a t  n o is e  a c t s  p r i n c i p a l l y  by  in d u c in g  a  p r e f e r e n c e  
f o r  m a in t e n a n c e  p r o c e s s i n g  w h ic h  c a n  be  c o u n t e r e d  by  in s t r u c t i o n s  
In  c o n d i t io n s  of 65, 75 a n d  85 dB C  w h ite  n o i s e .  W ild ing , 
M o h in d ra  a n d  B r e e n - L e w i s  (1982) u s e d  e i t h e r  a  s e m a n t i c  
o r i e n t in g  t a s k  by a s k in g  to  r a t e  th e  p l e a s a n t n e s s  of i t e m s ,  o r  no 
o r i e n t in g  c o n d i t io n s ,  i n o r d e r  to c o n t r o l  l e v e l  of p r o c e s s i n g .  In 
a d d i t io n  p o s s i b l e  b r e a d t h  of co d in g  w a s  m a n ip u la t e d  by  u s in g  two 
ty p e s  of l i s t s :  t h o s e  c o n ta in in g  a s s o c i a t e d  i t e m s  a n d  th o s e  
c o n ta in in g  n o n - a s s o c i a t e d  i t e m s .  F r e e  r e c a l l  of th e  n o n ­
a s s o c i a t e d  l i s t ,  w ith o u t  th e  o r i e n t in g  t a s k s ,  sh o w e d  th e  u s u a l  
i n c r e a s e  in  r e c a l l  by  s e q u e n c e  in  n o i s e ;  w h ile  th e  t o t a l  n u m b e r  of 
w o r d s  r e c a l l e d  in  th e  t h r e e  n o i s e  c o n d i t io n s  w a s  no t s ig n i f i c a n t ly  
d i f f e r e n t .  I n t r o d u c t io n  of the  o r i e n t in g  t a s k  h o w e v e r ,  c a u s e d  a  
d e c l in e  in  r e c a l l  in  n o is e ,  s u g g e s t in g  d i s r u p t i o n  of th e  p r e f e r r e d  
m a in t e n a n c e  r e h e a r s a l  s t r a t e g y .  F o r  th e  a s s o c i a t e d  l i s t s  w ith o u t 
o r i e n t in g ,  s o m e  d e c l in e  in  t o t a l  r e c a l l  a n d  c l u s t e r i n g  of 
a s s o c i a t e d  i t e m s  w a s  fo u n d  in  n o i s e ;  w ith  s e m a n t i c  o r i e n t in g  in
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n o ise ,  a  m a r k e d  i n c r e a s e  in  b o th  t h e s e  m e a s u r e s  o c c u r r e d .
W ild ing  e t  a l .  c o n c lu d e d  th a t  s u b j e c t s ,  w h en  f o r c e d  to  p r o c e s s  
w o r d s  s e m a n t ic a l ly ,  m a k e  b e t t e r  u s e  of r e l e v a n t  s e m a n t i c  
f e a t u r e s  if  e x p o s e d  to  lo u d  n o i s e .  T h is  s u g g e s t s  th a t  th e  
p r e f e r e n c e  f o r  m a in te n a n c e  r e h e a r s a l  in  n o is e  i s  no t i r r e v e r s i b l e ,  
bu t  a  s p o n ta n e o u s  s t r a t e g y  a d o p te d  by s u b je c t s  i n o r d e r  to  
m a x i m i z e  p e r c e i v e d  o u tc o m e s .  A  s u b s e q u e n t  e x p e r i m e n t  by  
W ild ing  e t  a l .  e x a m in e d  th e  e f f e c t s  of a  p h y s i c a l  o r i e n t in g  t a s k  
(judg ing  w h e th e r  w o rd s  c o n ta in e d  c e r t a i n  s o u n d s ) .  H e r e  i t  w as  
a n t i c ip a t e d  th a t  s u c h  ju d g e m e n ts  w o u ld  be  c o m p a t ib le  w ith  a  
m a in t e n a n c e  r e h e a r s a l  s t r a t e g y  in  n o is e  an d  th a t  t h e r e f o r e ,  
s o m e  i m p r o v e m e n t  u n d e r  n o is e  w ou ld  o c c u r  f o r  th e  n o n ­
a s s o c i a t e d  l i s t .  A s  p r e d i c t e d ,  th e  r e s u l t s  sh o w e d  th a t  th e  p h y s i c a l  
o r i e n t in g  t a s k  im p r o v e d  p e r f o r m a n c e  on th e  n o n -a s s  oca i a t e d  
l i s t  a n d  i m p a i r e d  i t  on th e  a s s o c i a t e d  l i s t .  T h u s  th e  p o s tu l a t e d  
i n c r e a s e  in  m a in te n a n c e  r e h e a r s a l  a p p e a r e d  to b e n e f i t  th e  
n o n - a s s o c i a t e d  i t e m s .
S t r a t e g y  c h a n g e s  in  n o i s e .
T he  r e s u l t s  of th e  e x p e r i m e n t s  b y  W ild ing  e t  a l .  (1982) 
s u b s t a n t i a t e  th e  p o s i t i o n  th a t  s e m a n t i c  p r o c e s s i n g  i s  n o t  
n e c e s s a r i l y  i m p a i r e d  in  n o i s e ,  bu t th a t  m a in te n a n c e  r e h e a r s a l  
a c c o m p a n i e d  by p r o c e s s i n g  of p h y s i c a l  a t t r i b u t e s  t e n d s  to  be  a  
s p o n ta n e o u s ly  a d o p te d  s t r a t e g y  in  n o is e ,  u n l e s s  i n s t r u c t i o n s  
in d u c e  a n  a l t e r n a t i v e  s t r a t e g y ,  in  w h ich  c a s e  n o i s e  r e i n f o r c e s  u s e  
of th e  a l t e r n a t i v e  s t r a t e g y .  N e v e r t h e l e s s  th e  d e c i s i o n  a b o u t
28
w h ic h  f a c t o r s  a f f e c t  th e  s t r a t e g y  a d o p te d  by  a  s u b je c t  in  an y  g iv e n  
c i r c u m s t a n c e  a p p e a r s  to  be a  p a r t i c u l a r l y  d i f f ic u l t  one .  W ild ing  
(1980) p r o p o s e s  th a t  th e  d i f f ic u l ty  in  id e n t i fy in g  w h e th e r  p a s s iv e  
o r  s t r a t e g i c  c h a n g e s  u n d e r l i e  c h a n g e s  in  p e r f o r m a n c e  c a n  
p e r h a p s  be c l a r i f i e d  by m a k in g  th e  d i s t i n c t i o n  by  a n a lo g y  w ith  
h a r d w a r e  a n d  s o f tw a r e  c h a n g e s  in  c o m p u t in g  t e r m in o lo g y .  T h e  
e f f e c t s  of n o i s e  on  p e r f o r m a n c e  c a n  th e n  be c o n s id e r e d ,  on  th e  one 
h a n d  to  r e f l e c t  s t r a t e g i c  o r  s o f tw a r e  c h a n g e s ,  p r o b a b ly  a s s o c i a t e d  
w ith  s o m e  a l t e r a t i o n  in  th e  a l lo c a t io n  of p r o c e s s i n g  r e s o u r c e s  to 
th e  t a s k  b e in g  p e r f o r m e d ,  o r ,  on  th e  o th e r  hand,^ s t r u c t u r a l  o r  
h a r d w a r e  c h a n g e s ,  f o r  e x a m p le ,  a  r e d u c t io n  in  m e m o r y  c a p a c i ty  
o r  a n  i n c r e a s e  in  th e  s p e e d  of  m e n t a l  o p e r a t io n s .  W ild ing  a l s o  
p o in te d  out th a t  th e  p r i n c i p a l  c r i t e r i o n  f o r  d e t e r m in i n g  w h e th e r  a 
p a r t i c u l a r  p e r f o r m a n c e  c h a n g e  i s  s t r u c t u r a l  o r  s t r a t e g i c ,  i s  th e  
g e n e r a l i t y  of th e  e f fe c t  on p e r f o r m a n c e .  B u t,  a s  w as  n o te d  e a r l i e r ,  
a t  t h i s  s ta g e  t h e r e  i s  no  a g r e e m e n t  on w ha t c o n s t i t u t e s  a  g e n e r a l  
e f f e c t  e i t h e r  b e tw e e n  a r o u s e r s ,  o r  w ith  u s e  of th e  s a m e  a r o u s e r  
a p p l ie d  u n d e r  d i f f e r e n t  m e m o r y  p a r a d i g m s .  T h e r e f o r e ,  i t  r e m a i n s  
u n c l e a r  w h e th e r  the  e f f e c t s  of n o i s e  on  p e r f o r m a n c e  w il l  
u l t i m a t e l y  be  e x p la in e d  in  t e r m s  of h a r d w a r e  o r  s o f tw a r e  c h a n g e s ,  
o r  s o m e  c o m b in a t io n  of th e  tw o .
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1 .4 .  E x p e r i m e n t s  U t i l iz in g  the  S e r i a l  O r d e r  R e c a l l  P a r a d i g m .
T h o u g h  th e  r e s u l t s  a r e  f a r  f r o m  be ing  c o m p le te ly  
c o n s i s t e n t ,  th e  e v id e n c e  f o r  a  r e l a t i o n s h i p  b e tw e e n  n o i s e  an d  o r d e r  
i n f o r m a t io n  in  th e  p a i r e d - a s s o c i a t e  s tu d ie s  (H ockey  and  H a m il to n ,  
1970; H a m i l to n ,  H o c k e y  an d  Q uinn , 1972) a n d  in  the  f r e e  r e c a l l  
s tu d ie s  (D aee  a n d  W ild ing ,  1977; W ild ing , M o h in d ra  a n d  B r e e n -  
L e w is ,  1982) h a s  s u g g e s te d  th a t  h ig h  in t e n s i t y  w h ite  n o is e  im p r o v e s  
s e r i a l  o r d e r  r e c a l l .  D i r e c t  m e a s u r e s  of s e r i a l  o r d e r  r e c a l l  s u p p o r t  
th i s  c o n c lu s io n  (W ild ing  a n d  M o h in d ra ,  1980; M i l l a r ,  1979).
H o w e v e r ,  t h e r e  h a v e  b e e n  s o m e  e x p e r i m e n t s  r e p o r t e d  w h e r e  no 
e f f e c t  of n o is e  w a s  found  on  o r d e r e d  r e c a l l  (M i l l e r ,  1957; M u r r a y ,  
1965; S lo b o d a  a n d  S m ith ,  1968; H a v e m a n  an d  F a r l e y ,  1969 an d  
D a v ie s  an d  J o n e s ,  1975) o r  a n  i m p a i r m e n t  w a s  sh o w n  (W ilk in so n ,  
1975; S a la m e  an d  W i t t e r s h e i m ,  1978). T h is  d i s c r e p a n c y  le d  
W ild ing  a n d  M o h in d ra  (1980) to  c o n c lu d e :  " I t  i s  u n c l e a r  w ha t 
f e a t u r e s  of th e  t a s k  a r e  i m p o r t a n t  in  d e t e r m in i n g  th e  d i r e c t i o n  of 
th e  n o i s e  e f f e c t s " .  In a d d i t io n  th e y  p o in t  ou t th a t  few  d i r e c t  
m e a s u r e s  h a v e  b e e n  m a d e  of th e  e f f e c t  of s t r e s s o r s  o th e r  th a n  
n o i s e  on r e c a l l  o f  o r d e r .  D a ta  f r o m  t a s k s  r e q u i r i n g  o r d e r e d  
r e c a l l ,  s u c h  a s  d ig i t  s p a n  an d  s e r i a l  r e c a l l  a r e  c o n fu s in g  an d  do 
n o t s u p p o r t  th e  v ie w  th a t  s t r e s s o r s  in  g e n e r a l  im p r o v e  s h o r t  t e r m  
r e c a l l  of o r d e r .  F o r  e x a m p le ,  E y s e n c k  (1977), in  r e v ie w in g  the  
e v id e n c e  f o r  th e  e f f e c t s  of a n x ie ty  on  d ig i t  s p a n  q u o te s  a  n u m b e r  of 
s tu d ie s  w h ich  s u g g e s t  th a t  s t r e s s  a n d  h ig h  l e v e l s  of s t a t e  a n x ie ty  
h a v e  d e t r i m e n t a l  e f f e c t s  on  d ig i t  s p a n  ( e . g .  Dunn, 1968; G r i f f i th s ,  
1958; H o d g e s ,  1968; M o ld a w s k y a n d  M o ld a w s k y ,  1952; P y k e  a n d
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A gnew , 1963), w h e r e a s  t r a i t  a n x ie ty  h a s  n e g l ig ib le  e f f e c t s .
S tu d ie s  by B la k e  (1967) an d  by  B a d d e le y ,  H a t t e r ,  S co tt  an d  S n a s h a l l  
( 197 0 ) fo u n d  w o r s e  s e r i a l  o r d e r  r e c a l l  l a t e r  in  the  d ay  w hen  
a r o u s a l  i s  h ig h e r .  T h is  w a s  f u r t h e r  s u p p o r te d  by  J o n e s ,  G a le  an d  
S m a l lb o n e 's  (1979) f in d in g  th a t  m e m o r y  p e r f o r m a n c e  w a s  b e s t  in  
th e  m o r n i n g  w h en  E E G  a r o u s a l  w a s  lo w e s t .  H o w e v e r ,  a l l  t h e s e  
r e s u l t s  c o n t r a d i c t  F o l k a r d ' s  (1976) f in d in g  th a t  r u n n in g  m e m o r y  is  
s u p e r i o r  l a t e r  in  th e  day . F o l k a r d  (1976) a l s o  sh o w e d  th a t  a r o u s a l  
in d u c e d  by  m u s c l e  t e n s i o n  r e d u c e d  s e r i a l  r e c a l l .  In ad d i t io n ,  
P a r k e r ,  A lk a n a ,  B i r n b a u m ,  H a r t l e y  an d  N ob le  (1975); R o s e n  a n d  
L e e  ( 1976); W e i n g a r tn e r  an d  F a i l l a c e  (1971) a l l  fo u n d  th a t  a lc o h o l  
r e d u c e d  d ig i t  sp a n .  D a v ie s  a n d  J o n e s  (1975) a n d  F o w l e r  an d  
W ild ing  ( 1979 ) sh o w e d  th a t  w h e r e a s  i n c e n t iv e s  a id e d  r e c a l l  of 
o r d e r  an d  r e c a l l  of s p a t i a l  p o s i t i o n ,  n o i s e  a id e d  r e c a l l  of o r d e r  
b u t  i m p a i r e d  r e c a l l  of s p a t i a l  p o s i t i o n .  D o rn ic  (1974). sh o w ed  th a t  
a d d i t io n  of a s e c o n d a r y  t a s k ,  h ig h e r  in f o r m a t io n  lo a d  an d  a lc o h o l  
a l l  r e d u c e d  r e c a l l  of i t e m  in f o r m a t io n ,  b u t  no t of o r d e r  i n f o r m a t io n  
a n d  a l s o  sh o w e d  th a t  p r e v e n t in g  s u b je c t s  f r o m  v e r b a l i z i n g  i t e m s  
i n t e r n a l l y  a f f e c t e d  r e c a l l  of o r d e r  in f o r m a t io n  bu t n o t  of i t e m  
in f o r m a t io n .
C o m m e n t in g  on  th e  in c o h e r e n c e  of th e  ab o v e  f in d in g s .  
W ild ing  a n d  M o h in d ra  (1980) c o n c lu d e :  " I t  i s  b e s t  to  t r e a t  n o is e  a s  
a  d i s t i n c t  ty p e  of s t im u lu s  a n d  a t t e m p t  no  p r e d i c t i o n s  b a s e d  on  
r e s u l t s  o b ta in e d  w ith  o th e r  ty p e s  o f  a r o u s in g  s t im u la t io n " .
W ith  r e g a r d  to  n o is e ,  s e v e r a l  e x p la n a t io n s  h av e  b e e n  
p u t  f o r w a r d  in  an  a t t e m p t  to  e x p la in  i t s  e f f e c t s  on s e r i a l  l e a r n in g .
31
A s d i s c u s s e d  p r e v io u s l y ,  e x p la n a t io n s  in  t e r m s  of a r o u s a l  a r e  
n o t  v e r y  h e lp fu l ,  s in c e  t h e s e  do n o t  p r e c i s e l y  s ta t e  th e  m e c h a n i s m s  
th a t  a r e  in v o lv e d .  H o ck ey  an d  H a m i l to n  (1970) an d  H a m i l to n  e t  a l .  
( 197 2 ) a r g u e  th a t  a t t e n t i o n a l  c a p a c i ty  i s  i n c r e a s e d  in  h ig h  a r o u s a l  
c o n d i t io n s ,  w h ic h  l e a d s  to  s to r a g e  of m o r e  i n f o r m a t io n  abou t the 
p r e s e n t a t i o n  o r d e r  of i t e m s .  D o rn ic  (1975) s u g g e s t s  th a t  n o is e  
m a y  h av e  s i m i l a r  e f f e c t s  to  th a t  of i n c r e a s e d  t a s k  d i f f ic u l ty ,  
r e s u l t i n g  in  s u b je c t s  m a k in g  m o r e  u s e  of a  ' l o w e r ' s t o r a g e  
m e c h a n i s m  w h ic h  c a r r i e s  m o r e  o r d e r  i n f o r m a t io n .  T h is  i s  
d i s t i n g u i s h e d  f r o m  a  'h ig h e r  ' s t o r a g e  m e c h a n i s m  w h ic h  in v o lv e s  
i d e n t i f i c a t i o n  of s t im u l i  a c c o r d in g  to  t h e i r  n a m e s  o r  m e a n in g s ,  
r a t h e r  th a n  a c c o r d in g  to  t h e i r  p h y s i c a l  f e a t u r e s .  D aee  an d  W ild ing  
( 1977 ) s u g g e s t  t h a t  n o is e  p r o lo n g s  s t im u lu s  t r a c e s  th u s  f a c i l i t a t i n g  
th e  d e v e lo p m e n t  of s e q u e n t i a l  a s s o c i a t i o n s  b e tw e e n  i t e m s .  O ne 
p o s s i b l e  w ay  in  w h ic h  th i s  co u ld  o c c u r  w ou ld  be  by  n o i s e  s low ing  
th e  r a t e  of r e h e a r s a l  a n d  th u s  p ro lo n g in g  th e  s t im u lu s  t r a c e ,  bu t 
t h i s  w i l l  be d i s c u s s e d  in  g r e a t e r  d e t a i l  a t  a  l a t e r  s ta g e .
A n o th e r  e x p la n a t io n  i s  th a t  of H a m i l to n ,  H o ck ey  an d  
R e j m a n  (1977) w h e r e  i t  i s  p r o p o s e d  th a t  in  s t a t e s  of h ig h  a r o u s a l  
f a s t e r  th ro u g h p u t  of i n f o r m a t io n  o c c u r s ,  g iv in g  i n c r e a s e d  
e f f i c i e n c y  on  t a s k s  r e q u i r i n g  r a p i d  h a n d l in g  of c o n t in o u s  in p u t ,  
b u t p o o r e r  m e m o r y  r e g i s t r a t i o n .  T h i s  c o n c lu s io n  w a s  d e r iv e d  
f r o m  th e  r e s u l t s  of a  ru n n in g  m e m o r y  e x p e r i m e n t  in  w h ich  30 
r a n d o m  c o n s o n a n ts  w e r e  p r e s e n t e d  a t  d i f f e r e n t  r a t e s  in  d i f f e r e n t  s 
c o n d i t io n s  an d  s u b je c t s  w e r e  a s k e d  to r e c a l l  th e  l a s t  i t e m  
p r e c e d in g  th e  o n e  th e y  w e r e  i n t e r r u p t e d  on. T h e i r  r e s u l t s  sh o w ed
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th a t  f o r  e a c h  of th e  fo u r  r a t e s  of p r e s e n t a t i o n  u s e d ,  r e c a l l  in  n o is e  
w a s  b e t t e r  fo r  r e c e n t l y  p r e s e n t e d  i t e m s ,  bu t th a t  t h e s e  i t e m s  
s h o w e d  a  f a s t e r  f a d e  off in  m e m o r y .
F o l lo w in g  D o r n i c ' s  (1975) f in d in g  th a t  p r e v e n t in g  s u b je c t s  
f r o m  v e r b a l i z i n g  i t e m s  i n t e r n a l l y  a f f e c te d  r e c a l l  of o r d e r  in f o r m a t io n ,  
F o l k a r d  (1976) a r g u e d  th a t  a n  i m p o r t a n t  f a c t o r  in  e x p e r i m e n t s  on 
s h o r t  t e r m  m e m o r y  m a y  be th a t  s u b v o c a l  a c t iv i t y  i s  r e d u c e d  u n d e r  
h ig h  l e v e l s  of a r o u s a l .  B a d d e le y  a n d  H itc h  (1974) h a v e  p r o p o s e d  
a  m o d e l  of "working m e m o r y '  m e m o r y  w h ich  i n c o r p o r a t e s  two 
p r o c e s s e s ;  a  c e n t r a l  e x e c u t iv e  s y s t e m  a n d  an  a r t i c u l a t o r y  loop . T he  
l a t t e r  i s  s u g g e s te d  to  be  u s e d  f o r  sub  v o c a l  r e h e a r s a l  of in c o m in g  
m a t e r i a l ,  w h e r e a s  the  c e n t r a l  e x e c u t iv e  i s  a s s u m e d  to  be  r e s p o n s i b l e  
f o r  i n f o r m a t io n  p r o c e s s i n g ,  d e c i s i o n  ta k in g  a n d  s t o r a g e .  F o l k a r d  
h y p o th e s i s e d  th a t  h ig h  a r o u s a l  w o u ld  i m p a i r  e f f ic ie n t  u t i l i z a t io n  
of th e  a r t i c u l a t o r y  lo o p ,  b u t  w ou ld  h a v e  l i t t l e  e f f e c t  on  th e  c e n t r a l  
e x e c u t iv e .  In an  e x p e r i m e n t  c o m p a r in g  d ig i t  s p a n  in  c o n d i t io n s  of 
in d u c e d  m u s c l e  t e n s i o n  o r  no m u s c l e  te n s io n ,  F o l k a r d  (1976) found  
th a t  a r o u s a l  h a d  a  d e t r i m e n t a l  e f f e c t  on p e r f o r m a n c e  in  ' f r e e '  
c o n d i t io n s  in  w h ic h  s u b je c t s  w e r e  a l lo w e d  to  r e h e a r s e  if  th e y  w is h e d ,  
bu t w e r e  n o t  i n s t r u c t e d  to  do so .  In s u p p r e s s i o n  c o n d i t io n s ,  
w h e r e  su b  v o c a l  r e h e a r s a l  w as  m i n im i z e d ,  t h e r e  w a s  no e f f e c t  of 
a r o u s a l  on  p e r f o r m a n c e ,  a l th o u g h  the  o v e r a l l  l e v e l  of p e r f o r m a n c e  
d e c l in e d  in  c o m p a r i s o n  to  th e  f r e e  c o n d i t io n .  A  t h i r d  c o n d i t io n  
w h e r e  s u b je c t s  w e r e  r e q u i r e d  to  a r t i c u l a t e  the  d ig i t s  ou t a lo u d ,  
f a i l e d  to  c o u n t e r a c t  the  e f f e c t s  of m u s c l e  t e n s io n ,  a s  p r e s u m a b l y  
i t  sh o u ld ,  i f  F o l k a r d ' s  s u g g e s t io n  w as  c o r r e c t .  W ild ing  an d
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M o h in d ra  (1980) p o in t  out th a t  a s  a r t i c u l a t i o n  c o n d i t io n s  p r o d u c e d  
s l ig h t ly  w o r s e  r e s u l t s  th a n  s u b v o c a l  r e h e a r s a l  an d  m u s c l e  t e n s io n ,  
a r t i c u l a t i o n  i s  n o t  j u s t  m a k in g  o v e r t  th e  a c t iv i t y  of th e  a r t i c u l a t o r y  
lo o p  but p e r h a p s  a l s o  i n t e r f e r i n g  w ith  o th e r  p r o c e s s e s .  M u r r a y  
(1965, 196 6 , 1968 ) f o r  e x a m p le ,  h a d  show n a n  i m p r o v e m e n t  in  
s e r i a l  r e c a l l  w h en  i t e m s  w e r e  r e q u i r e d  to  be  a r t i c u l a t e d  an d  
t h e r e f o r e  W ild ing  a n d  M o h in d ra  c o n c lu d e  "It m a y  be  u n w is e  to  
b a s e  a n y  c o n c lu s io n s  on  th e  F o l k a r d  r e s u l t " .
A long  s i m i l a r  l i n e s  to  th o s e  of F o l k a r d ,  P o u l to n  (1976, 
1977) h a s  s u g g e s te d  th a t  w h i te  n o i s e  m a s k s  a u d i to r y  f e e d b a c k  an d  
in n e r  s p e e c h .  H e n c e  i m p a i r m e n t  in  s h o r t  t e r m  m e m o r y  p e r f o r m a n c e  
i s  s e e n  by  P o u l to n  a s  r e s u l t i n g  f r o m  a  m a s k i n g  of th e  sub  v o c a l  
r e h e a r s a l ,  n o r m a l l y  r e q u i r e d  to  m a i n t a i n  i n f o r m a t io n  in  s h o r t  
t e r m  s t o r e .  In a d d i t io n  P o u l to n  (1979) p r o p o s e s  th a t  th e  e n c o d in g  
of in n e r  s p e e c h  o r  r e h e a r s a l  co u ld  be e i t h e r  a r t i c u l a t o r y  o r  
a c o u s t i c  an d  th a t  th e  i n t e r f e r e n c e  p r o d u c e d  by th e  m a s k in g  e f f e c t  
of n o i s e  i s  l i k e ly  to  d i s r u p t  th e  a c o u s t i c  f o r m  of r e h e a r s a l  o r  
in n e r  s p e e c h  an d  h e n c e  f o r c e  th e  s u b je c t  to  r e s o r t  to  th e  
a r t i c u l a t o r y  f o r m  of r e h e a r s a l .  B r o a d b e n t  (1978),  h o w e v e r  
c o n c lu d e s  th a t  " v i s u a l  s t im u l i  a r e  no t s t o r e d  a s  an  a c o u s t i c  
r e p r e s e n t a t i o n  bu t a s  a  p a t t e r n  of a r t i c u l a t o r y  c o m m a n d s " .  A s  
s u c h ,  t h e r e  i s  no r e a s o n  why n o is e  s h o u ld  d i s r u p t  r e h e a r s a l .
R e c e n t ly ,  M i l l a r  (1979) h a s  p r o v id e d  e v id e n c e  a g a i n s t  
b o th  th e  p r o p o s a l s  p u t  f o r w a r d  by  P o u l to n ,  i . e .  th a t  n o is e  m a s k s  
i n t e r n a l  s p e e c h ,  an d  t h e r e f o r e  d i s r u p t s  m e m o r y  an d  s e c o n d ly  th a t  
s h o u ld  n o i s e  m a s k  th e  a u d i to r y  f o r m  of i n n e r  s p e e c h ,  p r e v e n t io n
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of a r t i c u l a t o r y  r e h e a r s a l  w ould  r e s u l t  in  a  c o n s id e r a b le  i m p a i r m e n t  
in  m e m o r y .  M i l l a r  (1979) e x a m in e d  th e  e f f e c t s  of b o th  s u p p r e s s i o n  
a n d  n o i s e  on  th e  r e c a l l  of a  l i s t  of e ig h t  c o n s o n a n ts  on  th e  a s s u m p t i o n  
th a t  if  n o i s e  m a s k s  in n e r  s p e e c h ,  i t  w i l l  h a v e  the  s a m e  e f f e c t s  a s  
t h o s e  of a r t i c u l a t o r y  s u p p r e s s i o n .  T he  r e s u l t s  sh o w e d  th a t  92 dB A , 
c o m p a r e d  to  75 dB A  w h ite  n o i s e ,h a d  a  d e t r i m e n t a l  e f f e c t  on  th e  
t o t a l  n u m b e r  of i t e m s  r e c a l l e d  c o r r e c t l y  w hen  s u b je c t s  r e h e a r s e d  
n o r m a l l y .  H o w e v e r  w h en  s u b je c t s  w e re  r e q u i r e d  to  coun t f r o m  
1 - 7  w h ile  c o n s o n a n ts  w e r e  b e in g  p r e s e n t e d ,  no d i f f e r e n c e s  in  
p e r f o r m a n c e  w e r e  o b s e r v e d  b e tw e e n  th e  tw o n o i s e  g r o u p s .  On 
r e f l e c t i o n  M i l l a r  n o te d  th a t  th e  above  r e s u l t  a c tu a l l y  s u p p o r t s  th e  
m a s k in g  h y p o th e s i s ,  b u t  i f  m e a s u r e s  of s e r i a l  o r d e r  r e c a l l  r a t h e r  
th a n  to t a l  r e c a l l  w e r e  c o n s id e r e d ,  a  c o m p le te ly  d i f f e r e n t  p i c t u r e  
e m e r g e d .  R e c a l l  of s e r i a l  o r d e r  r e c a l l  in  th e  s u p p r e s s i o n  co n d i t io n  
r e m a i n e d  s ta b l e  in  n o i s e ,  r e l a t i v e  to  q u ie t  c o n d i t io n s  w h e re  
p e r f o r m a n c e  d e c l in e d  o v e r  t e s t  d a y s ,  w h ile  in  r e h e a r s a l  c o n d i t io n s  
th e  l o s s  of s e r i a l  o r d e r  i n f o r m a t io n  in  n o is e  o c c u r r e d  to  a  l e s s e r  
e x te n t  on  th e  s e c o n d  d a y , c o m p a r e d  to  the  f i r s t  day , w hen  no 
r e l i a b l e  d i f f e r e n c e s  w e r e  found . T h e r e f o r e  s e r i a l  o r d e r  r e c a l l  
p e r f o r m a n c e  w as  b e t t e r  p r e s e r v e d  in  lo u d  n o i s e  r e g a r d l e s s  of 
w h e th e r  r e h e a r s a l  w a s  p r e v e n t e d  o r  n o t .  A s p o in te d  ou t by  
H a r t l e y  (1981), th i s  i s  c o n t r a r y  to  w ha t w ou ld  be e x p e c te d  if  n o is e  
h a d  m a s k e d  th e  a u d i to r y  e n c o d in g  of i t e m s  w h en  a r t i c u l a t o r y  
e n c o d in g  w a s  s u p p r e s s e d .  F u r t h e r  f in d in g s  of M i l l a r ,  s u c h  a s  
th e  r e d u c t io n  in  n o i s e  of th e  n u m b e r  of c o m m i s s i o n  e r r o r s  
( r e c a l l  of c o n s o n a n ts  n o t  p r e s e n t e d  on th e  t r i a l  in  q u e s t io n )  an d
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a r e d u c t io n  in  th e  n u m b e r  of a c o u s t i c  c o n fu s io n s  a l l  in d ic a te  th a t  
th e  m a s k in g  h y p o th e s i s  i s  n o t  th e  m o s t  p la u s ib le  e x p la n a t io n  of 
th e  r e s u l t s .  M i l l a r  in  f a c t  c o n c lu d e d  th a t  s u c h  p e r f o r m a n c e  m a y  
be c o n s i s t e n t  w ith  a n  i n t e r p r e t a t i o n  s u g g e s t in g  an  a t te n t io n a l  
in f lu e n c e  o f  n o i s e .  F u r t h e r  e v id e n c e  a g a i n s t  the  m a s k in g  
h y p o th e s i s  h a s  b e e n  r e p o r t e d  in  a  s e r i e s  of e x p e r i m e n t s  b y  '
W ild ing  an d  M o h in d ra  (1980). T h e y  a l s o  i n v e s t ig a t e d  the  e f f e c t  
of a r t i c u l a t o r y  s u p p r e s s i o n  a n d  w h ite  n o is e  on th e  s e r i a l  r e c a l l  
of v i s u a l ly  p r e s e n t e d  s e q u e n c e s  of a c o u s t i c a l l y  c o n fu s a b le  an d  
n o n - c o n f u s a b le  c o n s o n a n ts .  N o is e  a n d  s u p p r e s s i o n  w e r e  show n 
to h a v e  d i f f e r e n t  e f f e c t s .  W h e r e a s  s u p p r e s s i o n  i m p a i r e d  
p e r f o r m a n c e  on a l l  l i s t s ,  the  n o n - c o n f u s a b le  o n e s  m o r e  th a n  th e  
c o n fu s a b le ,  n o is e  h a d  th e  o p p o s i te  e f fe c t  of im p r o v in g  p e r f o r m a n c e  
on  th e  a c o u s t i c a l l y  s i m i l a r  s t im u l i .  W ild ing  a n d  M o h in d ra  
s u g g e s t  th a t  t h i s  r e s u l t  i s  c o m p a t ib le  w ith  th e  v ie w  th a t  th e  
a r t i c u l a t o r y  lo o p ,  in  B a d d e le y  a n d  H i t c h 's  w o rk in g  m e m o r y  
m o d e l ,  i s  p r e - e m p t e d  in  s u p p r e s s i o n  c o n d i t io n s ,  b u t  th a t  n o is e  
d o e s  n o t  j u s t  i n c r e a s e  u s e  of th e  a r t i c u l a t o r y  lo o p ,  a s  th i s  w ou ld  
r e s u l t  in  a n  i n c r e a s e  in  th e  n u m b e r  of c o n fu s io n s  a m o n g  
a c o u s t i c a l l y  s i m i l a r  i t e m s ,  bu t s o m e h o w  im p r o v e s  th e  q u a l i ty  
of th e  i n f o r m a t io n  in  th e  loop .
B o th  t h e s e  s tu d ie s  th u s  c l e a r l y  r e f u t e  th e  h y p o th e s i s  
t h a t  n o is e  an d  s u p p r e s s i o n  a c t  in  th e  s a m e  w ay . I n s t e a d  a s  
p o in te d  ou t by  W ild ing  an d  M o h in d ra ,  the  r e s u l t s  s u g g e s t  th a t  
n o is e  m a y  a c t  by  i n c r e a s i n g  the  s t r e n g t h  of in n e r  s p e e c h ,  a  
p o s s i b i l i t y  a l s o  s u g g e s te d  by  P o u l to n  (1977). In  o r d e r  to  t e s t  th i s
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h y p o th e s i s ,  W ild ing  an d  M o h in d ra  c a r r i e d  ou t a  f u r t h e r  e x p e r i m e n t  
to  s e e  w h e th e r  a r t i c u l a t i n g  a lo u d  h a d  the  s a m e  e f f e c t s  a s  n o is e .  
R e s u l t s  of th i s  e x p e r i m e n t  sh o w e d  th a t  o v e r t  a r t i c u l a t i o n  im p r o v e d  
r e c a l l  p e r f o r m a n c e ,  w hen  l i s t s  w e r e  p r e s e n t e d  a t  a  f a s t  r a t e  s 
p e r  i t e m ) ,  bu t d e p r e s s e d  i t  w h en  th e y  w e r e  p r e s e n t e d  a t  a  s lo w e r  
r a t e  of 2 s p e r  i t e m .  A ls o  s o m e  i m p r o v e m e n t  w ith  n o is e  
w a s  show n in  a r t i c u l a t i o n  c o n d i t io n s ,  bu t th e  e f f e c t s  of n o is e  on ly  
r e a c h e d  s ig n i f i c a n c e  in  th e  n o n - a r t i c u l a t i o n  c o n d i t io n s .  G iv en  th i s  
so m e w h a t  u n s a t i s f a c t o r y  p o s i t i o n  tw o f u r t h e r  e x p e r i m e n t s '  w e r e  
c a r r i e d  out to  c l a r i f y  th e  p o s i t i o n  w ith  r e g a r d  to  th e  i n t e r a c t i o n  
of n o i s e ,  a r t i c u l a t i o n  a n d  p r e s e n t a t i o n  r a t e .  F r o m  th e s e  i t  w a s  
c o n c lu d e d  th a t  a r t i c u l a t i o n  a id s  p e r f o r m a n c e  a t  a  f a s t  r a t e  of 
p r e s e n t a t i o n ,  an d  th a t  in  t h e s e  c o n d i t io n s  i t s  e f f e c t s  w e r e  in  th e  
s a m e  d i r e c t i o n  a s  th o s e  of n o i s e ,  bu t th a t  a r t i c u l a t i o n  d id  not 
i m p r o v e  p e r f o r m a n c e  a t  s lo w  r a t e s  of p r e s e n t a t i o n ,  w h ile  n o is e  
d id .  So f a r  th e n  th e  p o s i t i o n  c a n  be  s u m m a r i s e d  by  say in g  th a t  th e  
e f f e c t s  of a r t i c u l a t i o n  an d  n o is e  s o m e w h a t  r e s e m b l e  e a c h  o th e r ,  
w h e r e a s  th o s e  of s u p p r e s s i o n  an d  n o i s e  do no t.
1 .5 .  C o n c l u s i o n s .
F r o m  th e  p r e v io u s  s e c t io n s  i t  w i l l  h a v e  b e e n  o b s e r v e d  
th a t  d i f f e r e n t  s t r e s s o r s  p r o d u c e  s o m e t i m e s  s i m i l a r  and  s o m e t im e s  
d i f f e r e n t  e f f e c t s  upon  m e m o r y  p e r f o r m a n c e ,  d e p e n d in g  on a  
n u m b e r  of f a c t o r s .  T he  p r o p o s a l  th a t  th e  i n v e r t e d  U r e l a t i o n s h ip  
( Y e r k e s  a n d  D o d so n ,  1908) co u ld  e x p la in  th e  e f f e c t s  of a r o u s a l  
m a n ip u la t io n  w as  r e j e c t e d  on  th e  g ro u n d s  th a t  i t  r e p r e s e n t e d  a
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d e s c r i p t i v e  r e l a t i o n s h i p  b e tw e e n  tw o  v a r i a b l e s  w ith o u t e x p la in in g  
th e  p r o c e s s e s  w h ich  p r o d u c e d  th a t  r e l a t i o n s h ip .
T he  e x p e r i m e n t a l  e v id e n c e  s u g g e s t s  a  m o r e  c o m p le x  
o r g a n iz a t i o n  w ith  m a n y  of th e  c u r r e n t  t h e o r i e s  c o n ta in in g  s o m e  
e l e m e n t  of t r u t h .  T he  m a j o r  p r o b l e m  s e e m s  to  be th a t  of 
e x p la in in g  the  r e l a t i o n s h i p  b e tw e e n  th e s e  h y p o th e s i s e d  s y s t e m s  
a n d  th e  c o m p le x  r e l a t i o n s h i p  b e tw e e n  a r o u s a l  an d  r e c a l l  a s  
o b s e r v e d  in  th e  d i f f e r e n t  e x p e r i m e n t a l  p a r a d i g m s .
E v e n  i f  i t  i s  a s s u m e d  th a t  v a r i o u s  m e m o r y  t a s k s  in d u c e  
u t i l i z a t i o n  of d i f f e r e n t  p r o c e s s i n g  s t r a t e g i e s ,  a  c o m p a r i s o n  of 
th e  e f f e c t s  of d i f f e r e n t  s t r e s s o r s  r e v e a l e d  a  n u m b e r  of d i s c r e p a n c i e s  
in  th e  r e s u l t s  o b ta in e d .  W ith  r e f e r e n c e  to  th e  p a i r e d  a s s o c i a t e  
l e a r n in g  s tu d ie s ,  t h e r e  i s  th e  g e n e r a l l y  o b s e r v e d  i n t e r a c t i o n  of 
r e l a t i v e l y  b e t t e r  d e la y e d  r e c a l l  f o r  h ig h e r  l e v e l s  of a r o u s a l  an d  
p o o r  im m e d i a t e  r e c a l l .  In f r e e  r e c a l l  h o w e v e r ,  th i s  e f fe c t  i s  no t 
r e p l i c a t e d ,  i n s t e a d  f r e e  r e c a l l  a p p e a r s  to  d e p e n d  on a  n u m b e r  of 
o th e r  f a c t o r s .  A m o n g s t  t h e s e  a r e  th e  ty p e s  of l i s t s  u s e d  an d  the  
m e th o d  of s t r e s s  m a n ip u la t io n .  F o r  th e  l a t t e r  of t h e s e  f a c t o r s  
i t  w a s  o b s e r v e d  th a t  w h e r e a s  th e  r e s u l t s  f r o m  th e  n o i s e ,  a n x ie ty  
a n d  p o s s i b l y  i n t r o v e r s i o n  l i t e r a t u r e  a p p e a r  to  s u p p o r t  th e  l e v e l s  of 
p r o c e s s i n g  m o d e l ,  w ith  h ig h  a r o u s a l  b e in g  a s s o c i a t e d  w ith  p h y s ic a l ,  
l o w e r  _ l e v e l  ty p e  m a in te n a n c e  p r o c e s s i n g  a n d  low  a r o u s a l  w ith  
s e m a n t i c  - h ig h  e l a b o r a t i o n  ty p e  p r o c e s s i n g ,  th e  r e s u l t s  f r o m  
th e  t i m e  of day  s tu d ie s  l e d  u s  to d r a w  th e  o p p o s i te  c o n c lu s io n s .
In  g e n e r a l ,  h o w e v e r ,  no r e l i a b l e  e f f e c t s  of any  s t r e s s o r  w e r e  found  
on  to t a l  c o r r e c t  r e c a l l  an d  o n ly  w hen  m e a s u r e s  o f  s e q u e n c in g  a n d
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a n d  c a t e g o r y  c l u s t e r i n g  a r e  c o n s i d e r e d  do th e  s u b t le  e f f e c t s  b e c o m e  
a p p a r e n t .
T h e r e  s t i l l  r e m a i n s  th e  p r o b l e m  of long  t e r m  r e c a l l .  T h is  
in  t e r m s  of c u r r e n t  m e m o r y  m o d e l s  i s  a s s u m e d  to  r e l y  m o r e  on 
s e m a n t i c  i n f o r m a t io n .  A s i t  i s ,  m o s t  of the  r e s u l t s  w h ich  show  an  
im p r o v e m e n t  f r o m  long  t e r m  m e m o r y  a r e  d e r iv e d  f r o m  u s e  of 
th e  p a i r e d  a s s o c i a t e  l e a r n in g  p a r a d i g m  a n d  do no t c o n ta in  s t im u lu s  
i t e m s  w h ic h  c a n  be r e m e m b e r e d  s e m a n t i c a l ly .  S om e  o th e r  p r o c e s s  
i s  th u s  im p l ic a te d .
The o n ly  r e s u l t  w h ich  d o e s  no t h a v e  to  r e l y  on  a  p a r a d i g m  
s p e c i f i c  e x p la n a t io n  i s  the  f in d in g  th a t  w h ite  n o is e  a p p e a r s  to 
i n c r e a s e  s u b je c t s  r e l i a n c e  on  o r d e r  r e c a l l .  It w il l  be  r e m e m b e r e d  
th a t  H a m i l to n  e t  a l .  (1972) d e m o n s t r a t e d  th a t  i f  r e c a l l  f o r  p a i r e d  
a s s o c i a t e s  w a s  t e s t e d  u s in g  th e  s a m e  o r d e r  of p a i r s ,  a s  u s e d  a t  
p r e s e n t a t i o n ,  th e n  n o i s e  p r o d u c e d  a  s ig n i f i c a n t  i m p r o v e m e n t  in  
p e r f o r m a n c e  o v e r  th e  no n o is e  c o n d i t io n .  F u r t h e r  in  a  f r e e  r e c a l l  
p a r a d i g m  D a e e  a n d  W ild ing  (1977) an d  W ild ing  e t a l .  (1982) h av e  
sh o w n  th a t  r e c a l l  in  th e  c o r r e c t  s e q u e n c e  i n c r e a s e s  w ith  n o is e  
l e v e l .  D a e e  a n d  W ild ing  (1977) a c tu a l ly  o b ta in e d  h ig h e r  s e q u e n c e  
r e c a l l  in  75 dB C  c o n d i t io n s ,  bu t t h e i r  l i s t s  c o n ta in e d  s o m e  i t e m s  
w h ic h  c o u ld  be r e c a l l e d  in  c a t e g o r i e s  an d  s o m e  w h ic h  w e r e  r a n d o m .  
W hat e f f e c t  th i s  w ou ld  h a v e  h a d  on s e q u e n c e  r e c a l l  i s  unknow n. 
F in a l ly ,  u s in g  s e r i a l  o r d e r  r e c a l l  D o rn ic  (1973), H o ck ey ,  H a m i l to n  
a n d  R e j m a n  (1977), M i l l a r  (1979) a n d  W ild ing  an d  M o h in d ra  (1980) 
h a v e  a l l  show n  a n  i m p r o v e m e n t  in  r e c a l l  in  the  c o r r e c t  o r d e r  w ith  
i t e m s  p r e s e n t e d  u n d e r  lo u d  n o i s e .  T he  g e n e r a l i t y  of th i s  f ind ing
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f o r c e s  u s  to  c o n s i d e r  w h a t  it i s  ab o u t r e c a l l i n g  i t e m s ,  in  o r d e r ,  
in  n o i s e ,  w h ich  c o n t r i b u t e s  to  th i s  e f f e c t .  T h is  q u e s t io n  f o r m s  
th e  b a s i s  o f  th e  n e x t  c h a p t e r .
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C H A P T E R  2 
P H O N O L O G IC A L  CODING AND T H E  R E C A L L  O F 
O R D E R  IN FO R M A T IO N  IN SHO RT T E R M  M EM O R Y
V a r io u s  r e s e a r c h e r s  h a v e  a t t e m p t e d  to  e x a m in e  th e  
r o l e  of in n e r  s p e e c h  in  c o n d i t io n s  w h e re  s h o r t  t e r m  r e c a l l  of 
s e r i a l  i n f o r m a t io n  p r e s e n t e d  v i s u a l ly  in  w h ite  n o is e  i s  r e q u i r e d  
( M u r r a y ,  1965, 1967; M i l l a r ,  1979; W ild ing  an d  M o h in d ra ,  1980). 
T he  i n t e r e s t  in  i n n e r  s p e e c h  s t e m s  f r o m  S p e r l i n g 's  (I960)  
o b s e r v a t i o n  th a t  w h en  a  p e r s o n  i s  r e q u i r e d  to  r e a d  a  g ro u p  of 
c o n s o n a n t  l e t t e r s  a n d  l a t e r  r e c a l l  th e m ,  s u b je c t s  s e e m e d  to  be  
u s in g  an  a u d i to r y  o r  p h o n o lo g ic a l  c o d e ,  m u m b l in g ,  w h i s p e r in g  an d  
m o u th in g  th e  n a m e s  of th e  l e t t e r s  e v e n  th o u g h  th e  p r e s e n t a t i o n  w as  
v i s u a l .
A s d i s c u s s e d  in  C h a p te r  1, r e c e n t l y  P o u l to n  (1976, 1977) 
h a s  s u g g e s te d  th a t  th e  e f f e c t s  of n o is e  on  s h o r t  t e r m  m e m o r y  c a n  
be  e x p la in e d  in  t e r m s  of m a s k in g  of v e r b a l  r e h e a r s a l  o r  
s u b v o c a l i z a t io n ,  w h ic h  i s  n e c e s s a r y  to  e x te n d  th e  d u r a t io n  of i t e m s  
in  s t o r e .  F o l k a r d  (1976) h a s  s u g g e s te d  th a t  m u s c l e  t e n s i o n  an d  
l a t e r  t i m e s  of d ay  r e d u c e  the  in c id e n c e  of c o v e r t  s p e e c h  o r  
s u b v o c a l  a c t iv i t y .  T h e s e  an d  o th e r  s i m i l a r  p r o p o s i t i o n s  s u g g e s t  
th a t  t h e r e  i s  a  n e e d  to  c o n s id e r  th e  p h e n o m e n o n  of in n e r  s p e e c h  
a n d  in  p a r t i c u l a r  th e  r o l e  i t  p la y s  in  h e lp in g  to  m a in t a i n  i n f o r m a t io n  
in  s h o r t  t e r m  m e m o r y .
In o r d e r  to  a n s w e r  th i s  q u e s t io n  I s h a l l  b r i e f l y  t r a c e  th e
d e v e lo p m e n t  of r e s e a r c h  in v o lv e d  in  o u t l in in g  th e  p r o c e s s e s  w h ic h
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t r a n s f e r  v i s u a l  in p u t  in to  a  s p e e c h  m o t o r  ou tp u t .  T h e s e  p r o c e s s e s  
a r e  a l s o  in v o lv e d  in  th e  a c t iv i t y  of r e a d in g .  D i s c u s s i o n  of the  
r e a d i n g  l i t e r a t u r e  w i l l  h o w e v e r  be d e f e r r e d t o  C h a p te r  6.
T he  r e s e a r c h  of C o n ra d  (1964) w a s  th e  f i r s t  in  
i n v e s t ig a t in g  r e l a t i o n s h i p s  b e tw e e n  m e m o r y  e r r o r s  u n d e r  v i s u a l  
p r e s e n t a t i o n  a n d  the  p h o n o lo g ic a l  s i m i l a r i t y  of the  l e t t e r s  b e in g  
r e m e m b e r e d .  C o n ra d  d e m o n s t r a t e d  th a t  c o n fu s io n  a m o n g  l e t t e r s  
m i s s e d  in  a v i s u a l  m e m o r y  e x p e r i m e n t  w e r e  l e t t e r  by  l e t t e r  the  
s a m e  c o n fu s io n s  th a t  o c c u r e d  in  a n  e x p e r i m e n t  on  l i s t e n in g  to  
in d iv id u a l  l e t t e r  n a m e s  p r e s e n t e d  f o r  id e n t i f i c a t i o n  a g a i n s t  a  
b a c k g r o u n d  of n o i s e .  T h is  w as  i n t e r p r e t e d  a s  e v id e n c e  th a t  the  
s u b je c t s  in  th e  v i s u a l  e x p e r i m e n t  r e c o d e d  th e  in p u t in to  a  
p h o n o lo g ic a l  s p e e c h  b a s e d  f o r m a t  f o r  r e t e n t i o n  a t  s o m e  l e v e l  of 
th e  a n a l y s i s .  C o n ra d  a n d  H u ll  (1964) w en t on  to  show  th a t  
s e q u e n c e s  of p h o n o lo g ic a l ly  s i m i l a r  l e t t e r s  s u c h  a s  B D G T P  C 
w e r e  l e s s  l i k e ly  to  be  c o r r e c t l y  r e c a l l e d  th a n  a  s t r i n g  of 
p h o n o lo g ic a l ly  d i s s i m i l a r  l e t t e r s  s u c h  a s  H M K J  R  Z. A  n u m b e r  
of o th e r  s tu d ie s  h a v e  a l s o  sh o w n  th a t  w hen  v e r b a l  i t e m s  - l e t t e r s  
o r  c o n s o n a n t s ,  a r e  v i s u a l ly  p r e s e n t e d  f o r  im m e d i a t e  r e c a l l ,  th e  
m a t e r i a l  i s  c o d e d  in  p h o n o lo g ic a l  f o r m  (B a d d e le y ,  1968 ; H in tz m a n ,  
1967; M u r r a y ,  1966; W ic k e lg r e n ,  1965).
C ro w d e r  (1978) h a s  s u g g e s te d  th a t  t h e r e  a r e  in fa c t  two 
r e l a t e d  p h e n o m e n o n  d e m o n s t r a t e d  by  C o n ra d .  He c a l l s  t h e s e :
(a) T h e  C o n fu s io n  E f f e c t  - th i s  r e f e r s  to  a  s i tu a t io n  of s i m i l a r  
s u b s t i tu t io n s  b e in g  m a d e  in  l i s t e n in g  an d  in  v i s u a l  m e m o r y  a s  
r e p o r t e d  by  C o n ra d  (1964).
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(b) T he  S i m i l a r i t y  D e c r e m e n t  E f f e c t -  th i s  r e f e r s  to  th e  to  the  
s i t u a t i o n  in  s h o r t  t e r m  r e t e n t i o n  w h e r e  l i s t s  c o n ta in  a  h igh  
d e n s i ty  of p h o n o lo g ic a l ly  s i m i l a r  i t e m s  a s  o p p o s e d  to  p h o n o lo g ic a l ly  
d i v e r s e  i t e m s  a s  e x e m p l i f i e d  by C o n ra d  and  H ull  (1964) w h e r e  
th e  p o s i t i o n s  of s u c h  i t e m s  a r e  t r a n s p o s e d  a t  r e c a l l .
P u t t i n g  th i s  a n o th e r  w ay  i t  c o u ld  b e  s a id  th a t  th e  c o n fu s io n  e f fe c t  
r e f e r s  to  th e  s i tu a t io n  w h e r e  e x t r a l i s t  i n t r u s i o n s  l e a d  to  d e c r e m e n t  
in  p e r f o r m a n c e ,  w h e r e a s  th e  s i m i l a r i t y  d e c r e m e n t  e f f e c t  r e s u l t s  
f r o m  i n t r a - l i s t  t r a n s p o s i t i o n s .
T he  r e a s o n  f o r  s e p a r a t i n g  out two e f f e c t s  w as  th a t  C ro w d e r  
h o p e d  to  show  a  d i s s o c i a t i o n  of t h e s e  e f f e c t s  a s  a  fu n c t io n  of s o m e  
e x p e r i m e n t a l  v a r i a b l e s .  One s u c h  e x a m p le  of th i s  i s  th e  e f f e c t  of 
d e la y  on p h o n o lo g ic a l  co d in g .  C o n ra d  (1967) an d  E s t e s  (1973) h av e  
b o th  show n th a t  w i th  a  d e la y  of up to  10 s e c o n d s  p r i o r  to  r e c a l l ,  
t h e r e  i s  a  d e c l in e  in  th e  c o n fu s io n  e f f e c t  i . e .  i t  s e e m s  th a t  p h o n o lo g y  
p la y s  a  d e c r e a s i n g  r o l e  a s  th e  t i m e  s p e n t  b e f o r e  r e c a l l  in  s o m e  
ty p e  of d i s t r a c t o r  t a s k  i n c r e a s e s .  H o w e v e r  e x p e r i m e n t s  on  th e  
s i m i l a r i t y  d e c r e m e n t  e f fe c t  h a v e  n o t  p r o d u c e d  th e  s a m e  r e s u l t s  
a s  f a r  a s  d i s a p p e a r a n c e  of p h o n o lo g ic a l  cod ing  w ith  t i m e  i s  
c o n c e r n e d .  F o r  e x a m p le ,  in  an  e x p e r i m e n t  r e p o r t e d  by  B a d d e le y  
( 1966), p h o n o lo g ic a l ly  h o m o g e n o u s  a n d  p h o n o lo g ic a l ly  h e t e r o g e n o u s  
l i s t s  e a c h  c o n ta in in g  s e v e r a l  w o r d s  h a d  to  be r e t a i n e d .  F o l lo w in g  
p r e s e n t a t i o n  of th e  w o rd s  a  s t r e a m  of d ig i ts  h a d  to  b e  c o p ie d  p r i o r  
to  r e c a l l .  T he  r e s u l t s  f a i l e d  to  sh o w  an y  d i f f e r e n c e  in  th e  r a t e  of 
f o r g e t t in g  o v e r  i n t e r v a l s  of up to  t e n  s e c o n d s  f o r  th e  tw o ty p e s  of 
l i s t s  a n d  a l th o u g h  t h e r e  w a s  a  s i m i l a r i t y  d e c r e m e n t  e f fe c t ,  i t s
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s iz e  d id  n o t  c h a n g e  a s  a  fu n c t io n  of th e  l e n g th  of th e  d e la y .  P o s n e r  
a n d  K o n ick  (1966) e x a m in e d  th e  s i m i l a r i t y  d e c r e m e n t  e f f e c t  u s in g  
th e  B r o w n - P e t e r  son  p a r a d i g m .  H e r e  p e r f o r m a n c e  w a s  a g a in  
c o m p a r e d  on i t e m s  of h ig h  o r  lo w  p h o n o lo g ic a l  s i m i l a r i t y ,  a f t e r  
i n t e r v a l s  f i l l e d  w ith  t a s k s  w h o se  c o g n i t iv e  c o m p le x i ty  w a s  v a r i e d .  
T h e  s iz e  of th e  s i m i l a r i t y  d e c r e m e n t  e f f e c t  i n c r e a s e d  a s  a  
f u n c t io n  of th e  r e t e n t i o n  i n t e r v a l ,  bu t w as  fo u n d  to  be  in d e p e n d e n t  
of th e  c o m p le x i ty  of th e  i n t e r f e r i n g  t a s k .  F in a l ly ,  L ib e rm a n »  
S h a n k w e i le r ,  F o w l e r  a n d  F i s h e r  (1977) t e s t e d  the  m e m o r y  
p e r f o r m a n c e  of a  g ro u p  of f i r s t  g r a d e  c h i ld r e n ,  g r o u p e d  a c c o r d in g  
to  t h e i r  r e a d i n g  a b i l i ty  on l i s t s  of e i t h e r  h ig h  o r  lo w  p h o n o lo g ic a l  
s i m i l a r i t y .  T he  t e s t s ,  w h ich  w e r e  c a r r i e d  out e i t h e r  i m m e d i a t e l y  
a f t e r  l i s t  p r e s e n t a t i o n ,  o r  a f t e r  an  u n f i l le d  d e la y  of f i f t e e n  s e c o n d s  
s h o w e d  th a t  a n  i n c r e a s e  in  th e  s i m i l a r i t y  d e c r e m e n t  e f f e c t  to o k  p la c e  
f o r  th e  good  r e a d e r s  o v e r  th e  d e la y e d  in t e r v a l ,  b u t  t h a t  no ch an g e  
o c c u r r e d  f o r  th e  i m m e d i a t e  and  p o o r  r e a d e r s .  T h e  r e s u l t s  of a l l  
t h e s e  e x p e r i m e n t s  l e d  C ro w d e r  to  s u g g e s t  th a t  th e  i n c o n s i s t e n c i e s  
b e tw e e n  th e  C o n fu s io n  an d  th e  S i m i l a r i t y  d e c r e m e n t  e f f e c t s ,  a s  
in d i c e s  of p h o n o lo g ic a l  cod ing  a c r o s s  le n g th e n in g  d e la y  i n t e r v a l s ,  
m ig h t  be  r a t i o n a l i z e d  in  t e r m s  of a  r e h e a r s a l  m e c h a n i s m .  The 
tw o l a t t e r  s tu d ie s  i. e . t h o s e  of P o s n e r  an d  K on ick , an d  th a t  of 
L i b e r  m a n  e t  a l . ,  b o th  of w h ic h  sh o w e d  a n  i n c r e a s e  in  s i m i l a r i t y  
d e c r e m e n t  a t  lo n g e r  d e la y s ,  a r e  a l s o  th o s e  w h ich  a l lo w e d  th e  m o s t  
o p p o r tu n i ty  f o r  r e h e a r s a l  d u r in g  th o s e  d e l a y s .  C ro w d e r  th u s  
c o n s i d e r s  th a t  r e h e a r s a l ,  a s  a n  i n h e r e n t ly  p h o n o lo g ic a l  a c t iv i t y ,
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co u ld  r e s t o r e  a n  o th e r w i s e  fad in g  p h o n o lo g ic a l  co d e .  T h is  e v id e n c e  
f u r t h e r  s u p p o r t s  the  c o n c lu s io n  th a t  p h o n o lo g ic a l  cod ing  w il l  be 
e v id e n t  to  th e  e x te n t  th a t  s u b je c t s  h av e  h a d  a r e c e n t  o p p o r tu n i ty  
f o r  r e h e a r s a l ,  a n d  no t th a t  p h o n o lo g ic a l  cod ing  i s  an  i n h e r e n t  p a r t  
of th e  s y s t e m  fo r  en co d in g  v i s u a l  in f o r m a t io n .  E s t e s  (1973, 
E x p e r i m e n t  2) h a s  f u r t h e r  show n th a t  w h e r e  s u b je c t s  w e r e  
d i s c o u r a g e d  f r o m  u s in g  p h o n o lo g ic a l  c o d e s ,  by  sp e e d in g  up  th e  
r a t e  of p r e s e n t a t i o n  of i t e m s  f r o m  400 m s  p e r  i t e m  to  200 m s  p e r  
i t e m ,  th e  c o n fu s io n  e f fe c t  s t i l l  o c c u r r e d ,  b u t  o n ly  if  r e h e a r s a l  
w a s  i n t r o d u c e d  w i th in  I s  of th e  o r i g i n a l  p r e s e n t a t i o n ,  c l e a r l y  ty in g  
th e  c o n fu s io n  e f fe c t  to  th e  o p p o r tu n i ty  f o r  r e h e a r s a l .  In  th i s  
e x p e r i m e n t  r e h e a r s a l  p e r i o d s  w e r e  i n s e r t e d  e i t h e r  e a r l y ,  m id w a y  
o r  l a t e  in  th e  d ig i t  sh ad o w in g  t a s k  th a t  a c c o m p a n ie d  the  r e t e n t i o n  
i n t e r v a l ,  t h e s e  p e r i o d s  b e in g  in te n d e d  to  d e t e r m i n e  w h e th e r  
r e h e a r s a l  of th e  i t e m s  b a s e d  on s o m e  t r a n s i t o r y  m e m o r y  t r a c e  
c o u ld  r e s t o r e  the  p h o n o lo g ic a l  c o d e s  a b o l i s h e d  by  th e  r a p i d  
p r e s e n t a t i o n .
If th e  p e r i p h e r a l  s p e e c h  m o to r  m e c h a n i s m  is  p r i m a r i l y  
r e s p o n s i b l e  f o r  r e h e a r s a l  one  w o u ld  e x p e c t  a  d e c r e a s e  in  the  
p r o p o r t i o n  of p h o n o lo g ic a l  e r r o r s  w hen  sub  v o c a l i z a t io n  is  
in h ib i te d .  A  n u m b e r  of s tu d ie s  h a v e  b e e n  c o n d u c te d  w h e r e  
a r t i c u l a t o r y  m o v e m e n t s  h a v e  b e e n  s u p p r e s s e d  d u r in g  th e  
p r o c e s s i n g  of v i s u a l  m e m o r y  s t im u l i  f o r  l a t e r  r e c a l l .  T h is  
ty p e  of s u p p r e s s i o n  i s  n o r m a l ly  e n f o r c e d  by  r e q u i r i n g  the  s u b je c t  
to  r e p e a t e d l y  a r t i c u l a t e  s o m e  i r r e l e v a n t  i t e m  s u c h  a s  ' t h e '  o r  
to  coun t a lo u d  r e p e a t e d l y  . th e  n u m b e r s  1 to  9. In  t h e s e  c o n d i t io n s .
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th e  c o n fu s io n  e f fe c t  i s  g e n e r a l l y  r e m o v e d ( C o n ra d ,  1972; E s t e s ,
1 9 7 3 ). A lso  i t  h a s  b e e n  d e m o n s t r a t e d  in  s e v e r a l  s tu d ie s  th a t  
w i th  v i s u a l ly  p r e s e n t e d  m a t e r i a l s ,  a r t i c u l a t o r y  s u p p r e s s i o n  
e l i m i n a t e s  th e  e f f e c t  of p h o n e m ic  s i m i l a r i t y  ( M u r r a y ,  1967, I 9 6 8 ; 
P e t e r s o n  a n d  Jo h n so n ,  1971 ; T e l l ,  1972; W ild ing  a n d  M o h in d ra ,
1980; R ic h a r d s o n ,  G r e a v e s  an d  S m ith ,  1981). In a d d i t io n ,
B a d d e le y ,  T h o m s o n  an d  B u c h a n a n  (1975) h a v e  show n th a t  
p e r f o r m a n c e  on  a n  im m e d i a t e  s e r i a l  r e c a l l  t a s k  i s  i n v e r s e l y  r e l a t e d  
to  w o rd  le n g th ,  a c r o s s  a  v a r i e t y  of s t im u lu s  m a t e r i a l s .  In two 
e x p e r i m e n t s  B a d d e le y  e t  a l .  a d d i t io n a l ly  c o n s id e r e d  th e  e f f e c t s  of 
a r t i c u l a t o r y  s u p p r e s s i o n  by r e q u i r i n g  th e  s u b je c t s  to c o u n t a lo u d  
r e p e a t e d l y  f r o m  1 to  8. W ith  a u d i to r y  p r e s e n t a t i o n  t h e r e  w a s  a  
c l e a r  e f f e c t  of w o rd  le n g th  w h ic h  d id  no t i n t e r a c t  w ith  th e  o v e r a l l  
d e c r e m e n t  in  p e r f o r m a n c e  c a u s e d  by a r t i c u l a t o r y  s u p p r e s s i o n .
W ith  v i s u a l  p r e s e n t a t i o n  h o w e v e r ,  a r t i c u l a t o r y  s u p p r e s s i o n  
p r o d u c e d  a  m a r k e d  r e d u c t io n  in  r e c a l l  an d  c o m p le te ly  e l im i n a t e d  
th e  e f f e c t  of w o r d  le n g th .  T h i s  im p l i e s  th a t  f o r  v i s u a l  p r e s e n t a t i o n  
a t  l e a s t ,  c o n c u r r e n t  a r t i c u l a t o r y  s u p p r e s s i o n  r e m o v e s  the  c o n t r i b u t io n  
to  p e r f o r m a n c e  of th e  h y p o th e s i s e d  p h o n o lo g ic a l ly  b a s e d  a r t i c u l a t o r y  
loop .
In s u m m a r y  th e n ,  e v id e n c e  f r o m  the  s u p p r e s s i o n  s tu d ie s  
d i s c u s s e d  ab o v e  s t r o n g ly  f a v o u r s  th e  c o n c e p t  of a r t i c u l a t o r y  
co d in g .  S tu d ie s  of s p o n ta n e o u s ly  o c c u r r i n g  s p e e c h  m y o g r a p h y  
(EM G ) a l s o  p r o v id e  s u p p o r t  f o r  p h o n o lo g ic a l  in v o lv e m e n t  in  
m e m o r y ,  in  so  f a r  a s  a  h ig h  c o r r e l a t i o n  e x i s t s  b e tw e e n  o c c u r r e n c e  
of su b  v o c a l  s p e e c h  an d  r e c a l l .  F o r  e x a m p le  L o c k e  an d  F e h r  (1971)
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found  th a t  a d u l t  s p e e c h  EM G  a m p l i tu d e  w as  g r e a t e r  f o r  l a b ia l  th a n  
f o r  n o n - l a b i a l  l i s t s  of v i s u a l ly  p r e s e n t e d  f a m i l i a r  w o r d s ,  b o th  w hen  
r e c a l l  w a s  w r i t t e n  an d  w hen  i t  w as  o r a l .  H o w e v e r  th e  s i tu a t io n  i s  
c o m p l i c a t e d  by  th e  o c c u r r e n c e  of s o m e  c o n f l ic t in g  r e s u l t s .  G a r r i t y  
( 1977 ) in  a  r e v i e w  of th e  E M G  l i t e r a t u r e  h ig h l ig h ts  tw o s u c h  s tu d ie s  
by  G l a s s m a n  (1972) an d  by  C ole  an d  Young (1975). G la s s m a n  
p r e s e n t e d  d a ta  s u p p o r t in g  a  p e r i p h e r a l  a r t i c u l a t o r y  h y p o th e s i s  
w h e r e a s  th e  s tu d y  by  C ole  an d  Young sh o w e d  th a t  en co d in g  of s p e e c h  
in  s h o r t  t e r m  m e m o r y  d o e s  no t d e p e n d  on  s u b v o c a l i z a t io n .  In  b o th  
t h e s e  s tu d ie s  s u b je c t s  in  the  e x p e r i m e n t a l  g ro u p  w e r e  t r a i n e d  to 
s u p p r e s s  t h e i r  l a r y n g e a l  a c t iv i ty ,  w h ile  c o n t r o l  s u b je c t s  sub  v o c a l  
a c t iv i t y  w a s  s im p ly  m o n i to r e d .  G l a s s m a n  p r e s e n t e d  t h r e e  w o rd  s e t s  
of e i t h e r  h ig h  o r  low  a c o u s t i c  s i m i l a r i t y  a n d  sh o w e d  th a t  s u b je c t s  
in  th e  e x p e r i m e n t a l  g ro u p  p r o d u c e d  a  s m a l l e r  p r o p o r t i o n  of p h o n o lo g ic a l  
e r r o r s  th a n  th e  c o n t r o l  g ro u p .  In th e  C ole  a n d  Young s tu d y  a l l  
s u b je c t s  w e r e  t r a i n e d  to  s u p p r e s s  l a r y n g e a l  s p e e c h  bu t on ly  th e  
e x p e r i m e n t a l  g ro u p  w e r e  t r a i n e d  to  s u p p r e s s  s u b v o c a l i z a t io n  
d u r in g  th e  e x p e r i m e n t .  R e s u l t s  of the  t a s k ,  w h ich  c o n s i s t e d  of 
m o n i to r in g  s ix  c o n s o n a n t  o r  vo w el s y l l a b le s  in d i c a te d  a  s i m i l a r  
p a t t e r n  of e r r o r s  d u r in g  b o th  h ig h  an d  lo w  s u b v o c a l i z a t io n  t r i a l s .
So f a r  th e n  th e  e v id e n c e  s u g g e s t s  th a t  v e r b a l  m e d ia t i o n  
fo l lo w in g  th e  o c c u r r e n c e  of v i s u a l ly  p r e s e n t e d  s t im u l i  i s  a  n a t u r a l l y  
a d o p te d  s t r a t e g y ,  e v e n  th o u g h  in  th e  c a s e  of p r o c e s s i n g  
p h o n o lo g ic a l ly  s i m i l a r  i t e m s  s u c h  a  s t r a t e g y  r e s u l t s  in  an  i m p a i r m e n t  
in  p e r f o r m a n c e .  Why th e n  s h o u ld  s u c h  a  s t r a t e g y  be u s e d  ? W hat 
p u r p o s e ,  i f  an y ,  d o e s  i t  s e r v e ?  Is  i t  n e c e s s a r y  th a t  m e m o r y  fo r
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v e r b a l  m a t e r i a l  c a n  o n ly  be m a in ta in e d  in  th i s  w ay  o r  i s  i t  a 
s u p p le m e n ta l  code  e m p lo y e d  s t r a t e g i c a l l y  w hen  th e  c a p a c i ty  of th e  
s y s t e m  is  e x c e e d e d ?
S e v e r a l  l i n e s  of e v id e n c e  s u g g e s t  th a t  p h o n o lo g ic a l  cod ing  
m a y  be u s e d  a s  a n  a id  in  th e  r e t e n t io n  of o r d e r  in f o r m a t io n .  F o r  
e x a m p le ,  D o rn ic  (1975) fo u n d  th a t  a d d i t io n  of a  s e c o n d a r y  ta s k ,  
h ig h  i n f o r m a t io n  lo a d  an d  a lc o h o l  a l l  r e d u c e d  th e  r e c a l l  of i t e m  
in f o r m a t io n  bu t n o t  of o r d e r  in f o r m a t io n .  H o w e v e r  p r e v e n t in g  s u b je c t s  
f r o m  v e r b a l i z i n g  i t e m s  in t e r n a l l y  a f f e c te d  r e c a l l  of o r d e r  
i n f o r m a t io n  b u t n o t  of i t e m  in f o r m a t io n  s u g g e s t in g  th a t  the  r e t e n t io n  
of o r d e r  i n f o r m a t io n  i s  p h o n o lo g ic a l  in  n a t u r e .
P r e v i o u s l y  D o rn ic ,  H a g d a h l  a n d  H a n s o n  (1973) h a d  show n 
th a t  a  g ro u p  of d e a f  s u b je c t s  w e r e  m o r e  l i k e ly , in  a  v i s u a l  s e a r c h  
t a s k ,  to  r e t a i n  th e  t a r g e t  s e t  a c c o r d in g  to  c a t e g o r i e s  r a t h e r  th a n  
a c c o r d in g  to  t h e i r  o r d e r ,  th u s  c o n f i r m in g  B l a i r ' s  (1957) f ind ing  
th a t  the  d e a f  a r e  m u c h  l e s s  d e p e n d e n t  on o r d e r  i n f o r m a t io n  th a n  
h e a r i n g  s u b j e c t s .  F r o m  th i s  e v id e n c e  D o rn ic  c o n c lu d e s  : " S to r in g  
of o r d e r  i n f o r m a t io n  (a s  s p e c i f i e d  ab o v e)  t e n d s  to  f o r m  l a r g e r  
p h o n o lo g ic a l  u n i t s ,  c h a in s  t r a c e s  c o n n e c te d  to g e th e r ,  th u s  r e d u c in g  
th e  n u m b e r  of u n i t s  in  a  m e s s a g e .  In th i s  s e n s e  s to r in g  of o r d e r  
i n f o r m a t io n  d o es  no t in  f a c t  m e a n  th a t  t h e r e  i s  an  i n c r e a s e  in  th e  
a m o u n t  of i n f o r m a t io n  r e t a i n e d  b u t  i t s  d e c r e a s e  in  a b o u t  th e  s a m e  
w ay  a s  w hen  f o r m i n g  'c h u n k s '  by  r e c o d in g  a  m e s s a g e  in to  l e s s  u n i t s  
th r o u g h  l e a r n in g .  T h a t  i s  why a s  d e m o n s t r a t e d  in  th e  p r e s e n t  
e x p e r i m e n t s ,  th e  r e t e n t i o n  of o r d e r  in f o r m a t io n  m ig h t  be  an
e a s i e r  p r o c e s s  th a n  th e  r e t e n t io n  of o n ly  i t e m  in f o r m a t io n  a n d  a s
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s u c h  i s  no t a f f e c te d  u n d e r  s o m e  'd i f f i c u l t '  c o n d i t io n s  w h ile  the  
r e t e n t i o n  of th e  l a t t e r  i s " .
F u r t h e r  m o r e  , H e a ly  (197 5) sh o w e d  th a t  p h o n o lo g ic a l  
co d in g  in  s h o r t  t e r m  m e m o r y  i s  no t ju s t  r e s t r i c t e d  to  m e m o r y  f o r  
o r d e r ,  a s  o p p o s e d  to  m e m o r y  fo r  i t e m s ,  b u t  th a t  i t  i s  t e m p o r a l  
o r d e r  an d  no t s p a t i a l  o r d e r  th a t  i s  in v o lv e d .  T h e r e f o r e  i t  h a s  b e e n  
s u g g e s te d  th a t  th e  p h o n o lo g ic a l  l e v e l  of r e p r e s e n t a t i o n  p la y s  an  
e s s e n t i a l l y  s ig n i f i c a n t  r o l e  in  th e  p r o c e s s  of r e a d i n g .  F o r  e x a m p le ,  
U n d e rw o o d  (1978), r e c o g n iz in g  the  im p o r t a n c e  of t e m p o r a l  o r d e r  
i n f o r m a t io n ,  s u g g e s te d  th a t  one v e r y  good  r e a s o n  w hy p h o n o lo g ic a l  
c o d in g  m a y  ta k e  p la c e  in  r e a d in g  i s  th a t  i t  a l lo w s  the  o r g a n iz a t i o n  
of a  s p a t i a l  d i s p la y  in to  a  t e m p o r a l  s e q u e n c e .  S in c e ,  n o t  a l l  th e  
in f o r m a t io n  on  a  p a g e  can  be p r o c e s s e d  a t  th e  s a m e  t i m e  b e c a u s e  
of c a p a c i ty  l i m i t a t i o n s ,  p h o n o lo g ic a l  cod ing  a l lo w s  a  s e q u e n t i a l  
o r d e r i n g  of th e  in f o r m a t io n .  T h is  f o r m a t  h a s  th e  a d d e d  a d v a n ta g e  
of h a v in g  th e  r e a d e r s  o r d e r  of in p u t  of in f o r m a t io n  b e in g  m a tc h e d  
to  th e  w r i t e r ' s  o r d e r  of ou tp u t .  C o n tin u in g  on the  th e m e  o f th e  
u s e f u l n e s s  of p h o n o lo g ic a l  cod ing  in  th e  r e t e n t io n  of o r d e r ,  
U n d e rw o o d  f u r t h e r  s u g g e s t s  th a t  p h o n o lo g ic a l  cod ing  h e lp s  in  
r e a d i n g  b e c a u s e  i t  p r o v id e s  a  m e m o r y .  A c c o rd in g  to  h im :" T h e  
i n t e g r a t i o n  of w o r d s '  m e a n in g s  f r o m  s e n te n c e s  is  a  t a s k  
r e q u i r i n g  th e  s to r a g e  of e a r l y  p r e s e n t e d  w o rd s  u n t i l  l a t e r  w o rd s  
a r e  a v a i l a b l e ,  an d  p h o n o lo g ic a l  co d in g  f a c i l i t a t e s  th i s  p r o c e s s  . 
I t e m s  a r e  s t o r e d  u s in g  th e  r e l a t i v e l y  lo n g e r  l a s t i n g  t r a c e s  of 
a u d i to r y  m e m o r y .  A ls o  p h o n o lo g ic a l  cod ing  i m p o s e s  a  p r o s o d ic  
s t r u c t u r e  w h ic h  a l lo w s  en co d in g  of f e a t u r e s  s u c h  a s  in to n a t io n
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an d  s t r e s s  w h ic h  m a y  a id  in  th e  d i s a m b ig u a t io n  of th e  s e n te n c e  an d  
i t s  e n c o d in g  in  m e m o r y
A p a r t  f r o m  the  u s e  of p h o n o lo g ic a l  cod ing  in  r e a d in g  by  
a d u l t  r e a d e r s  r e s e a r c h e r s  s u c h  a s  S h a n k w e i le r  an d  L i b e r m a n  (1976) 
h a v e  s u g g e s te d  th a t  a  p h o n o lo g ic a l  r e p r e s e n t a t i o n  s e r v e s  a  u s e fu l  
p u r p o s e  in  th e  a c q u i s i t i o n  of r e a d in g  in  young c h i ld r e n .  A g a in  i t  
i s  s t r e s s e d  th a t  s h o r t  t e r m  m e m o r y  i s  one of the  p r i m a r y  l i n g u i s t i c  
p r o c e s s e s  e s s e n t i a l  f o r  c o m p r e h e n s io n  of b o th  w r i t t e n  a n d  sp o k e n  
la n g u a g e .  A s such ,  a  d e fe c t  in  im m e d i a t e  m e m o r y  f o r  o r d e r  
i n f o r m a t io n  i s  a t t r i b u t e d  to  p o o r  b e g in n in g  r e a d e r s  an d  it  i s  s u p p o s e d  
th a t  th i s  p r o b l e m  m a y  be a  m a n i f e s t a t i o n  of an  u n d e r ly in g  d e f ic ie n c y  
in  th e  u s e  of p h o n o lo g ic a l  c o d e s  ( L i b e r m a n ,  S h a n k w e i le r ,  L ib e r m a n ,  
F o w l e r  an d  F i s c h e r ,  1977; M ann, L i b e r m a n  a n d  S h a n k w e i le r ,  1980; 
S h a n k w e i l e r ,  L i b e r m a n ,  M a rk ,  F o w l e r  and  F i s c h e r ,  1979). M o s t  
r e c e n t l y  K a tz ,  S h a n k w e i le r  a n d  L i b e r m a n  (1981) h av e  show n th a t  a  
f u n c t io n  of p h o n e t ic  r e p r e s e n t a t i o n  i s  to  a id  in  the  r e p r e s e n t a t i o n  of 
o r d e r  in f o r m a t io n ,  an d  th a t  p o o r  r e a d e r s '  o r d e r i n g  d i f f i c u l t i e s  a r e  
r e l a t e d  to  t h e i r  d e f ic ie n t  u s e  of p h o n e t ic  c o d e s .  Good an d  p o o r  r e a d e r s  
a b i l i t y  to  r e c o n s t r u c t  th e  o r d e r  of b r i e f l y  p r e s e n t e d  s t im u l i  th a t  
v a r i e d  in  th e  e x te n t  to  w h ich  th e y  co u ld  b e  d i s t i n c t i v e ly  r e c o d e d  
in to  a  p h o n e t ic  f o r m  w as  t e s t e d .  An i n t e r a c t i o n  w as  found  b e tw e e n  
r e a d in g  a b i l i t y  an d  ty p e  of s t im u lu s  i t e m ,  w ith  good  and  p o o r  
r e a d e r s  show ing  no  d i f f e r e n c e  w i th  i t e m s  w h ic h  w e r e  n o t  r e c o d a b le ,  
b u t  w ith  good  r e a d e r s  show ing  s ig n i f i c a n t ly  s u p e r i o r  p e r f o r m a n c e  
o r d e r i n g  s t im u l i  th a t  w e r e  a m e n a b le  to  p h o n e t ic  co d in g .  K a tz ,  
S h a n k w e i le r  a n d  L i b e r m a n  t h e r e f o r e  c o n c lu d e d  a s  fo l lo w s  : " s in c e
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i t e m s  th a t  a r e  l a b e l l e d  by  w o rd s  w ou ld  be  a v a i l a b l e  to  a  p h o n e t ic a l ly  
b a s e d  w o rk in g  m e m o r y ,  th e  r e s u l t s  a r e  c o n s i s t e n t  w ith  e a r l i e r  
in d i c a t io n s  of good  r e a d e r s '  s u p e r i o r  a b i l i t y  to  m a k e  u s e  of p h o n e t ic  
co d in g  in  w o rk in g  m e m o r y ," .
O v e r a l l  th e n  t h r e e  f a c t o r s  s e e m  to  e m e r g e .  F i r s t l y  it  
s e e m s  th a t  u s e  of p h o n o lo g ic a l  r e c o d in g  i s  l in k e d  to  th e  o p p o r tu n i ty  
f o r  r e h e a r s a l  to  o c c u r .  S eco n d ly ,  d u r in g  r e h e a r s a l  th e  f o r m  in  
w h ic h  th e  p h o n o lo g ic a l  code  e x i s t s  i s  l i k e ly  to  be  a r t i c u l a t o r y  an d  
th i r d ly ,  p h o n o lo g ic a l  cod ing  h e lp s  in  th e  r e c a l l  of o r d e r  in f o r m a t io n .  
A s  p r e v i o u s l y  d i s c u s s e d ,  B a d d e le y  a n d  H itc h  (1974) h a v e  d e s c r i b e d  
a  s y s t e m  of w o rk in g  m e m o r y  w h ich  o p e r a t e s  on  th e  b a s i s  of 
i n f o r m a t io n  b e in g  c o d e d  p h o n o lo g ic  a l ly .  W ith  th i s  ty p e  of m o d e l  
in  m in d ,  in  th e  n e x t  s e c t io n  I w il l  d i s c u s s  how  s u c h  a  s y s t e m  m a y  
h e lp  p r o m o t e  the  r e t e n t i o n  of o r d e r  in f o r m a t io n  w h e r e  th i s  
i n f o r m a t io n  i s  p r e s e n t e d  in  th e  p r e s e n c e  of n o is e .
2. 1 N o is e  a n d  th e  R e c a l l  of O r d e r  I n fo rm a t io n .
It w a s  c o n c lu d e d  a t  th e  en d  of th e  f i r s t  c h a p t e r  th a t  the  
on ly  c o n s i s t e n t  f in d in g  to  e m e r g e  f r o m  s tu d ie s  of the  e f f e c t s  of 
n o is e  a n d  m e m o r y  p e r f o r m a n c e  h a s  b e e n  th a t  n o i s e  i n c r e a s e s  
r e c a l l  of i n f o r m a t io n  in  th e  o r ig i n a l  o r d e r  of p r e s e n t a t i o n .  T h is  
r e s u l t  w a s  d e m o n s t r a t e d  in  e a c h  of th e  fo l lo w in g  m e m o r y  
p a r a d i g m s :  P a i r e d  a s s o c i a t e  l e a r n in g  (H o ck ey  an d  H a m i l to n ,  1970; 
H o ck ey ,  H a m i l to n  an d  Q uinn , 1972) in  F r e e  r e c a l l  (D aee  an d  
W ild in g ,  1977; W ild ing ,  M o h in d ra  and  B r e e n - L e w i s ,  1982) an d  in  
S e r i a l  o r d e r  r e c a l l  (H a m il to n ,  H o ck ey  a n d  R e jm a n ,  1977; M i l l a r
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1979; W ild ing  a n d  M o h in d ra ,  1980).
In v ie w  of th e  ab o v e  d i s c u s s i o n  on  th e  r e l a t i o n s h i p  
b e tw e e n  m a in ta in in g  in f o r m a t io n  in  a  p h o n o lo g ic a l  f o r m  a n d  th e  
r e c a l l  of o r d e r ,  the  e x p e r i m e n t s  r e p o r t e d  by W ild ing  an d  M o h in d ra  
(1980) a r e  p a r t i c u l a r l y  i l lu m in a t in g  in  show ing  how  s u c h  a 
r e l a t i o n s h i p  e x i s t s  in  th e  p r e s e n c e  of n o i s e .  T he  f i r s t  e x p e r i m e n t  
d e m o n s t r a t e d  th a t  s u p p r e s s i n g  c o v e r t  r e h e a r s a l ,  by r e q u i r i n g  th e  
s u b je c t s  to a r t i c u l a t e  i r r e l e v a n t  i t e m s  c o n t in o u s ly  d u r in g  the  
p r e s e n t a t i o n  of th e  s t im u lu s  i t e m s  e l im i n a t e d  the  i m p r o v e m e n t  of 
o r d e r  r e c a l l  u n d e r  n o i s e .  H o w e v e r ,  r e q u i r i n g  o v e r t  a r t i c u l a t i o n  
of th e  l e t t e r s  im p r o v e d  r e c a l l ,  bu t on ly  w hen  th e  l e t t e r s  w e re  
p r e s e n t e d  a t  a  r a t e  of j s  p e r  i t e m  and  n o t  w hen  p r e s e n t e d  fo r  2s 
p e r  i t e m .  L a t e r  e x p e r i m e n t s  sh o w e d  th a t  th i s  d i f f e r e n c e  r e m a i n e d  
e v e n  w hen  s u b je c t s  w e r e  p e r m i t t e d  to  r e h e a r s e  a lo u d  in  an y  w ay  
th e y  w is h e d ,  r a t h e r  th a n  h a v in g  to  r e a d  a lo u d  the  i t e m s  a s  th e y  
a p p e a r e d .  T h e r e f o r e  i t  w a s  s u g g e s te d  th a t  th e  e f f e c t s  of n o is e  
s o m e w h a t  r e s e m b l e d  th o s e  of a r t i c u l a t i o n ,  th u s  s u p p o r t in g  the  
v ie w  th a t  u s in g  a r t i c u l a t o r y  r e p r e s e n t a t i o n  in  n o is e  le d  to  an  
i n c r e a s e  in  th e  r e c a l l  of o r d e r .
T he  s a m e  e x p e r i m e n t s  a l s o  sh o w e d  th a t  n o is e  a id e d  th e  
r e c a l l  of a c o u s t i c a l ly  s i m i l a r  l e t t e r s  m o r e  th a n  th a t  of a c o u s t i c a l ly  
d i s s i m i l a r  o n e s ,  w h ile  a r t i c u l a t i n g  a lo u d  te n d e d  to  h av e  th e  r e v e r s e  
e f f e c t .  T h is  m a y  s e e m  s o m e w h a t  p a r a d o x i c a l  s in c e  h e r e  n o is e  
a c tu a l ly  r e d u c e d  p h o n o lo g ic a l  s i m i l a r i t y  w h e r e a s  a r t i c u l a t i o n  
g e n e r a l l y  i n c r e a s e s  i t .  If, a s  w as  s u g g e s te d  ab o v e ,  n o is e  im p r o v e d  
o r d e r  r e c a l l  b e c a u s e  i t  p r o m o t e s  u s e  of p h o n o lo g ic a l  cod ing  th e
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e x p e c ta t io n  w ou ld  be  th a t  th e  p h o n e m ic  s i m i l a r i t y  e f f e c t s  sh o u ld  
be  i n c r e a s e d  r e s u l t i n g  in  an  o v e r a l l  d e t e r i o r a t i o n  in  o r d e r  r e c a l l ,  
r a t h e r  th a n  d e c r e a s e d .  T h is  d i s c r e p a n c y  c a n  h o w e v e r  be 
r e c o n c i l e d  by h y p o th e s i s in g  th a t  n o is e  m a k e s  t r a c e s  of i t e m s  m o r e  
d i s c r i m i n a b l e  o r  e x te n d s  th e  d u r a t io n  of th e  t r a c e  in  m e m o r y .  T h is  
s u g g e s t io n  w il l  be  d i s c u s s e d  l a t e r  in  m o r e  d e ta i l .
L e a v in g  a s id e  th e  above  p a r a d o x i c a l  f in d in g  f o r  the  
m o m e n t ,  th e  c o n c lu s io n  r e a c h e d  by  W ild ing  a n d  M o h in d ra  r e g a r d i n g  
t h e i r  e x p e r i m e n t s  w as  th a t  th e  e f f e c t s  of n o is e  co u ld  be due to  i t s  
in d u c in g  'm a i n te n a n c e  r e h e a r s a l '  o r  su b  v o c a l  r e h e a r s a l  of th e  
in p u t in  i t s  o r i g i n a l  o r d e r .  I n c r e a s e d  u s e  of m a in te n a n c e  r e h e a r s a l  
c o u ld  a l s o  e x p la in  th e  d e c r e a s e d  s e m a n t i c  o r g a n iz a t i o n  (H o rm a n n  
a n d  O s t e r k a m p ,  I 9 6 6 ; D a e e  an d  W ild ing , 1977; S m ith ,  J o n e s  
an d  B r o a d b e n t ,  1981) in  f r e e  r e c a l l  of c a t e g o r i z a b le  l i s t s ,  bu t th e  
q u e s t io n  r e m a i n s  a s  to  w hen  a n d  w hy s u c h  a  s t r a t e g y  i s  a d o p te d .  
T h is  q u e s t io n  f o r m s  th e  m a i n  fo c u s  of th i s  t h e s i s .  In  an  e f f o r t  to  
s o lv e  th i s  p r o b l e m  e x p e r i m e n t s  on s e r i a l  o r d e r  r e c a l l ,  on f r e e  
r e c a l l  a n d  r e c o g n i t io n  u n d e r  d i f f e r e n t  t e s t  e x p e c ta t io n s ,  on 
r e h e a r s a l  in  n o i s e  a n d  on  p h o n o lo g ic a l  co d in g  in  n o i s e  w e r e  
c a r r i e d  ou t.
53
C H A P T E R  3
NOISE E F F E C T S  ON SHORT T E R M
S E R I A L  O R D E R  M E M O R Y
E X P E R I M E N T S  I -  4
S e v e r a l  s t u d i e s  h a v e  show n a f a c i l i t a t i o n  i n  r e c a l l  f o r  
l i s t s  c o n ta in in g  a d j a c e n t  o r  n e a r l y  a d j a c e n t  r e p e t i t i o n s  and  a 
d e c r e a s i n g  p r o b a b i l i t y  of r e c a l l  a s  the  l a g  b e t w e e n  p r e s e n t a t i o n s  
of the  r e p e a t e d  i t e m  i n c r e a s e s  ( C r o w d e r ,  1968;  W i c k e l g r e n ,  1965b ;  
Ob on a i  a n d  T a t s u n o ,  1954).  T h e r e  h a v e  b e e n  a n u m b e r  of 
e x p l a n a t i o n s  pu t  f o r w a r d  f o r  t h i s  p h e n o m e n o n .  It h a s  b e e n  
s u g g e s t e d  t h a t  d i f f e r e n t i a l  a t t e n t i o n  i s  g iv e n  to r e p e a t e d  i t e m s  
a s  a  f u n c t i o n  of l a g  ( P o t t s  an d  S h i f f r in ,  1970).  T h e r e f o r e  a 
f a c i l i t a t i o n  in  r e c a l l  of th e  a d j a c e n t  i t e m s  i s  a n  e x a m p l e  of the  
Von R e s t o r f f  e f f e c t  (Von R e s t o r f f ,  1933).  On th e  o t h e r  h a n d  
r e c a l l  of  r e p e a t e d  i t e m s  m a y  d e p e n d  on the  p r o b a b i l i t y  of 
d e t e c t i n g  a r e p e t i t i o n  a n d  cod ing  t h i s  i n f o r m a t i o n  a s  a  t a g  a t t a c h e d  
to  th e  r e p e a t e d  i t e m  in  m e m o r y .  C r o w d e r  (1968) and  W i c k e l g r e n  
( 1965) b o th  h a v e  s u g g e s t e d  th e  p o s s i b i l i t y  of a  d e t e c t i o n  of r e p e t i t i o n  
p r o c e s s e s  u n d e r l y i n g  th e  lag  e f f e c t  in  r e c a l l .  L e e  (1976), h o w e v e r ,  
h a s  sh o w n  th a t  t h e  v a r i a t i o n  in  l ag  d o e s  not  a f f e c t  m e m o r y  f o r  the  
r e p e a t e d  i t e m  bu t  r a t h e r  a f f e c t s  m e m o r y  f o r  th e  r e p e t i t i o n  ev e n t .
She f u r t h e r  d e m o n s t r a t e d  (L ee ,  1976 b) t h a t  f a c i l i t a t i o n  in  s h o r t  
t e r m  r e c a l l  i s  b a s e d  on  a  t a g g in g  p r o c e s s  in  w h ic h  s t i m u l i  a r e  
c a t e g o r i s e d  in  t e r m s  of  the  q u a l i t i e s  t h a t  d i s t i n g u i s h  t h e m  f r o m
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f r o m  t h e i r  co n te x t .  T h e r e f o r e  i m m e d i a t e  r e c a l l  of  c r i t i c a l  l e t t e r s  
w a s  e n h a n c e d  w hen  the  p a i r  of l e t t e r s  w a s  a  r e p e t i t i o n  o r  w h e n  t h e y  
w e r e  a c o u s t i c a l l y  c o n t r a s t i n g ,  but  on ly  w h e n  th e  l e t t e r s  w e r e  p r e s e n t e d  
in  a d j a c e n t  p o s i t i o n s .  R e c a l l  of p a i r s  s e p a r a t e d  by  a l a g  of  two 
i n t e r v e n i n g  l e t t e r s  w a s  no t  a f f e c t e d  by  r e p e t i t i o n  o r  c o n t r a s t .
The  i n t e r e s t i n g  f e a t u r e  of th e  e f f ec t  d e s c r i b e d  above  
i s  t h a t  i t  p r e s e n t s  a  p a r a d i g m  w i th in  w h ic h  i t  m a y  be p o s s i b l e  to 
t e s t  D a e e  an d  W i ld in g ' s  (1977) h y p o t h e s i s ,  t h a t  n o i s e  p r o l o n g s  
s t i m u l u s  t r a c e s  of i t e m s .  D aee  an d  Wild ing  a r g u e  th a t ,  "At  
i n t e r m e d i a t e  l e v e l s  of n o i s e  t r a c e s  a r e  of  o p t i m a l  d u r a t i o n  to 
e s t a b l i s h  a c o n n e c t i o n  w i th  th e  t r a c e  of th e  n e x t  i t e m  w hen  i t
a r r i v e s ,  w i thou t  be in g  c o n n e c t e d  to  t r a c e s  of o t h e r  i t e m s ..................
At  s t i l l  h i g h e r  l e v e l s  of n o i s e  t r a p e s  l a s t  l o n g e r ,  an d  m o r e  
i n t e r c o n n e c t i o n s  d e v e lo p  an d  t h e r e f o r e  c o m p e t e  w i th  e a c h  o t h e r " ,
(p 346). If n o i s e  d o e s  i n d e e d  p r o l o n g  t r a c e  d u r a t i o n ,  the  p r e d i c t i o n  
w o u ld  b e  t h a t  the  r e p e t i t i o n  e f f e c t  w ou ld  e x t e n d  o v e r  m o r e  
i n t e r v e n i n g  t r i a l s  and  no t  be r e s t r i c t e d  to  c r i t i c a l  i t e m s  p r e s e n t e d  
in  a d j a c e n t  p o s i t i o n s .  But  t h i s  d o e s  i g n o r e  the  e f f e c t s  of t r a c e s  of 
t h e  o t h e r  i t e m s  w h ic h  m a y  c a n c e l  t h i s  ou t .  N e v e r t h e l e s s  t h i s  
p a r a d i g m  w a s  a d o p t e d  f o r  the  f i r s t  e x p e r i m e n t .
In a d d i t i o n  to  p r o v i d i n g  a  b a s i s  f o r  t e s t i n g  D a e e  an d  
W i l d i n g ' s  h y p o t h e s i s ,  i t  w a s  a l s o  h o p e d  t h a t  a  p a r t i a l  r e p l i c a t i o n  
of  the  r e s u l t  s how n  by Wild ing  a n d  M o h i n d r a  (1980) c o u l d  b e  m a d e .
It w i l l  b e  r e c a l l e d  t h a t  W ild ing  an d  M o h i n d r a  fo u n d  th a t  i f  m e m o r y  
f o r  s e q u e n c e  w a s  t e s t e d  b y  r e q u i r i n g  s u b j e c t s  to r e c a l l  a  s t r i n g  of 
f iv e  c o n s o n a n t s  i n  t h e i r  o r i g i n a l  o r d e r  of p r e s e n t a t i o n ,  t h e n  n o i s e
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i m p r o v e d  p e r f o r m a n c e  f o r  l i s t s  c o n ta in in g  a c o u s t i c a l l y  c o n f u s a b le  
i t e m s  a n d  s l i g h t l y  i m p a i r e d  r e c a l l  f o r  i t e m s  in  n o n - c o n f u s a b l e  
l i s t s .  T h u s  a c o u s t i c  s i m i l a r i t y  w a s  m a n i p u l a t e d  a g a in ,  bu t  f o r  
two r e a s o n s ,  on ce  to  p r o v i d e  two l e v e l s  of con tex t  a s  u s e d  by  
L e e ,  an d  s e c o n d ly  a s  a  m a n i p u l a t i o n  of the  the  p h o n o l o g i c a l
s i m i l a r i t y  of the  i t e m s  in  the l i s t .  H e r e ,  in  c o n t r a s t  to  the  l i s t s  
u s e d  by  W ild ing  and  M o h in d r a ,  i t e m s  of b o th  h ig h  a n d  lo w  s i m i l a r i t y  
c o u ld  o c c u r  in th e  s a m e  l i s t ,  a l th o u g h  in  m o s t  c a s e s  the  l i s t s  
p r e d o m i n a n t l y  c o n t a i n e d  e i t h e r  h igh  o r  lo w  a c o u s t i c  s i m i l a r i t y  
i t e m s .
3. 1 E X P E R I M E N T  1
M e th o d
S u b j e c t s
T w e n ty  s u b j e c t s  t o o k  p a r t  in  th e  e x p e r i m e n t ,  t e n  in 
e a c h  n o i s e  c o n d i t io n .  T h e y  w e r e  a l l  s t u d e n t s  o r  p o s t - g r a d u a t e s  
f r o m  a l l  d e p a r t m e n t s  i n  B e d f o r d  C o l l e g e .  E a c h  s e s s i o n  l a s t e d  
a p p r o x i m a t e l y  30 m i n u t e s .
D e s i g n  an d  M a t e r i a l s
The  o v e r a l l  m e t h o d  w a s  s i m i l a r  to t h a t  u s e d  by  L e e  
( 197 6 , b) .  T h e  s t i m u l i  u s e d  c o n s i s t e d  of 48 s e v e n - l e t t e r  s t r i n g s  
p r e s e n t e d  v i s u a l l y  a t  a  r a t e  of tw o i t e m s  p e r  s e c o n d .  S o m e  
e x a m p l e s  w h ic h  a r e  t y p i c a l  of th e  ty p e  of s e q u e n c e s  e m p l o y e d  
in  e a c h  e x p e r i m e n t a l  c o n d i t io n  a r e  show n  in  T a b l e  1 .1 ,
S e r i a l  o r d e r  r e c a l l  w a s  t e s t e d  i m m e d i a t e l y  a f t e r  p r e s e n t a t i o n  of
t h e  l a s t  l e t t e r  in  the  s t r i n g .
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T a b l e  1. 1
R e p r e s e n t a t i v e  E x a m p l e s  of  L e t t e r  S e q u e n c e s  f o r  E a c h  
S t i m u l u s  C ond i t ion .  ( C r i t i c a l  l e t t e r s  a r e  u n d e r - l i n e d ) .
C r i t i c a l  l e t t e r  
p a i r s
Con tex t
N o n c o n t r a s t i n g C o n t r a s t i n g
A c o u s t i c a l l y  d i s s i m i l a r  s e t
R e p e a t e d
L a g  0 Q L Z Z J F N P C N N B G T
L a g  2 J N L Q Z L H P B H D V H T
N o n r e p e a t e d
L a g  0 Q N F H Z J L C B J L P G V
L a g  2 J Q F Z H L N T B Q G P Z V
A c o u s t i c a l l y  s i m i l a r s e t
R e p e a t e d
L a g  0 V P D D G T B L F B B Z J Q
L a g  2 G P D C B D V Z L Ç Q F Ç H
N o n r e p e a t e d
L a g  0 P C G V T B D F L Ç P N Z J
L a g  2 G P T C D V B Q J T N H P Z
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Two s e t s  of l e t t e r s  w e r e  u s e d .  The  d i s t i n g u i s h i n g  
f e a t u r e  b e t w e e n  the  two s e t s  be ing  the  l e v e l  of a c o u s t i c  s i m i l a r i t y .  
T h e  l e t t e r s  F  H J  L  N Q Z w e r e  d e s i g n a t e d  a s  be ing  a c o u s t i c a l l y  
d i s s i m i l a r  an d  th e  s e t  B C D G P  T V w a s  d e s i g n a t e d  a s  b e in g  
a c o u s t i c a l l y  s i m i l a r .  F o r  e a c h  s t i m u l u s  s t r i n g ,  one l e t t e r  ( f o r  
r e p e t i t i o n  t r i a l s )  o r  tw o  l e t t e r s  (for  t r i a l s  w i th  no r e p e a t e d  i t e m s )  
c h o s e n  r a n d o m l y  f r o m  one of  the  s e t s  w e r e  d e s i g n a t e d  c r i t i c a l  i t e m s .  
T h e  r e m a i n i n g  f ive  l e t t e r s  w e r e  c h o s e n  e i t h e r  f r o m  the  s a m e  s e t  
a s  th e  c r i t i c a l  p a i r  ( N o n - c o n t r a s t i n g  co n te x t )  o r  f r o m  th e  o t h e r  
s e t  ( C o n t r a s t i n g  con tex t ) .  The  c r i t i c a l  l e t t e r s  w e r e  s e p a r a t e d  by  
l a g s  of 0 o r  2 i n t e r v e n i n g  l e t t e r s .  In o r d e r  to k e e p  th e  n u m b e r  of 
t r i a l s  to a  m i n i m u m ,  a t  l a g  0 the  c r i t i c a l  p a i r  w a s  l o c a t e d  at  
s e r i a l  p o s i t i o n s  3 o r  4 an d  a t  l a g  2 the  c r i t i c a l  p a i r  w as  l o c a t e d  
in  p o s i t i o n s  3 a n d  6.
In a l l  t h e r e  w e r e  f ive  e x p e r i m e n t a l  v a r i a b l e s ,  e a c h  
w i th  two l e v e l s .  T h e y  w e r e  (a) N o i s e  (65 o r  85 d B C ) ,  w i th  s u b j e c t s  
b e in g  a s s i g n e d  r a n d o m l y  to  e i t h e r  one o r  th e  o t h e r  l e v e l ,  (b) n a t u r e  
of th e  c r i t i c a l  p a i r  (a r e p e t i t i o n  o r  two n o n - r e p e a t e d  i t e m s ) ,  (c) Lag  
(0 o r  2 i n t e r v e n i n g  l e t t e r s  b e t w e e n  p r e s e n t a t i o n  of  t h e  c r i t i c a l  
l e t t e r s ) ,  (d) th e  s e t  f r o m  w h ic h  the  c r i t i c a l  p a i r  w a s  d r a w n  
( a c o u s t i c a l l y  s i m i l a r  o r  d i s s i m i l a r ) ,  (e) c o n t e x t  (non c r i t i c a l  l e t t e r s  
d r a w n  f r o m  e i t h e r  the  c o n t r a s t i n g  o r  n o n - c o n t r a s t i n g  s e t  f r o m  th e  
c r i t i c a l  p a i r ) .  N o i s e  w a s  the  on ly  b e t w e e n  s u b j e c t  v a r i a b l e ,  th e  
o t h e r  v a r i a b l e s  a l l  b e in g  w i t h i n - s u b j e c t  m a n i p u l a t i o n s .  E a c h  
s u b j e c t  r e c e i v e d  3 e x p e r i m e n t a l  t r i a l s  on  e a c h  of the  16 s t i m u l u s  
c o n d i t i o n s .
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A p p a r a t u s
The  l e t t e r s  w e r e  p r e s e n t e d  on the  s c r e e n  of a  C o m m o d o r e  
' P E T '  m i c r o c o m p u t e r ,  w h ich  w a s  p l a c e d  on  a  t a b l e  a p p r o x i m a t e l y
0. 5 m  in  f r o n t  of the  s u b j e c t .  T h e  c h a r a c t e r s  p r e s e n t e d  on th e  
s c r e e n  a p p e a r e d  w hite  a g a i n s t  a  b l a c k  b a c k g r o u n d  an d  h a d  a h e ig h t  
of a p p r o x i m a t e l y  4 m m  and  a w id th  of 3 m m .
P r o c e d u r e
S u b je c t s  w e r e  i n s t r u c t e d  a s  fo l l o w s :
T h i s  i s  a n  e x p e r i m e n t  m e a s u r i n g  y o u r  a b i l i t y  to r e m e m b e r  s h o r t  
s e q u e n c e s  of l e t t e r s .  On e a c h  t r i a l  y o u  w i l l  be show n a  s e q u e n c e  
of 7 l e t t e r s ,  one a t  a  t i m e  on the  s c r e e n .  T h e  l e t t e r s  w i l l  be:
F  H J  L  N Q Z 
o r  B C D G P T V  
in  a  d i f f e r e n t  o r d e r  on  e a c h  t r i a l .  The  tw o  s e t s  of  l e t t e r s  a r e  
sh o w n  in  b r o w n  o r  r e d ,  r e s p e c t i v e l y  on the  k e y b o a r d .  Y our  
t a s k  i s  to  r e m e m b e r  t h e  o r d e r  of th e  l e t t e r s .
In an y  one  t r i a l ,  l e t t e r s  p r e s e n t e d  c a n  be  c h o s e n  f r o m  e i t h e r  one 
of the  two s e t s ,  o r  f r o m  a  c o m b i n a t i o n  of  l e t t e r s  f r o m  th e  two 
s e t s .  It i s  a l s o  p o s s i b l e  t h a t  a  l e t t e r  c a n  o c c u r  m o r e  t h a n  once  
in  a n y  t r i a l ,  a n d  if you  do r e m e m b e r  a r e p e t i t i o n  you  s h o u ld  
r e c o r d  the  l e t t e r  tw ic e  in  the  a p p r o p r i a t e  p o s i t i o n s  w h e n  you  
r e s p o n d .
P l e a s e  r e a d  ou t  a l l  the  l e t t e r s  a l o u d  a s  t h e y  a p p e a r  on th e  s c r e e n .  
A t  th e  en d  of the  l e t t e r  s e q u e n c e  a " ? " w i l l  a p p e a r .  W hen you  s e e  
t h i s  p l e a s e  type  in  the  7 l e t t e r s  in  the o r d e r  t h e y  a p p e a r e d .  You 
m u s t  r e s p o n d  w i th  7 l e t t e r s  e v e n  w h e n  you  a r e  no t  e n t i r e l y  
c e r t a i n  of th e  a c c u r a c y  of y o u r  r e s p o n s e .  T h e n  c a r e f u l l y  c h e c k  
t h a t  the  l e t t e r s  y o u  h a v e  ty p e d  a r e  the  o n e s  y o u  i n t e n d e d  an d  
p r e s s  th e  R E T U R N  key .  T h e r e  i s  t h e n  a  s h o r t  p a u s e  b e f o r e  the  
n e x t  t r i a l  s t a r t s .
T h e r e  w i l l  be  48 t r i a l s  a l t o g e t h e r ,  d iv id e d  in to  two b lo c k s  of 24. 
You w i l l  g e t  a  one m i n u t e  r e s t  i n  b e t w e e n  th e  tw o  b l o c k s .  The  
c o m p u t e r  w i l l  i n f o r m  y o u  of the  t i m e  f o r  r e s t .
P l e a s e  w e a r  the  h e a d p h o n e s  t h r o u g h o u t  th e  e x p e r i m e n t .  B e f o r e  
e a c h  s e q u e n c e  of l e t t e r s  s t a r t s ,  y o u  w i l l  h e a r  a  h i s s i n g  n o i s e  
t h r o u g h  t h e m  w h ic h  w i l l  c o n t in u e  u n t i l  t h e  l e t t e r  s e q u e n c e  e n d s .
T h e  i n s t r u c t i o n s  w e r e  th e n  s u m m a r i z e d  and  a  b lo c k  of 6 p r a c t i c e  
t r i a l s  w a s  r u n .  N o i s e  w a s  p l a y e d  two s e c o n d s  b e f o r e  th e  o n s e t  of
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t he  f i r s t  l e t t e r  an d  c o n t in u e d  u n t i l  the  p r e s e n t a t i o n  of th e  q u e s t i o n  
m a r k  w h ic h  i n d i c a t e d  t h a t  r e c a l l  w a s  r e q u i r e d .  T h e  o r d e r  of 
p r e s e n t a t i o n  of th e  48 s t r i n g s  w a s  r a n d o m i s e d  f o r  e a c h  s u b j e c t  by  
the  c o m p u t e r .
The  e x p e r i m e n t e r  v ie w e d  the  d i s p l a y s  in  p a r a l l e l  w i th  
t h e  s u b j e c t  an d  r e v i e w d  th e  i n s t r u c t i o n s  w i th  the  s u b j e c t  if he o r  she  
f a i l e d  to k e e p  p a c e  in  r e a d i n g  the  l e t t e r s .
S c o r i n g
The r e s u l t s  c o n s i s t  of  a n  a n a l y s i s  of th e  p r o b a b i l i t y  
of c o r r e c t  r e s p o n s e  f o r :
(1) e a c h  of the  7 p o s i t i o n s  in  th e  16 c o n d i t io n s  g iv e n  to e a c h  s u b j e c t  
( A c o u s t i c  s i m i l a r i t y  x  R e p e t i t i o n  x  L a g  x  Context) .
(2) b o th  c r i t i c a l  l e t t e r s  be in g  r e c a l l e d  in  the  c o r r e c t  p o s i t i o n  f o r  
e a c h  of the  ab o v e  c o n d i t io n s ,
(3) a t  l e a s t  one c r i t i c a l  l e t t e r  b e in g  r e c a l l e d  in  th e  c o r r e c t  p o s i t i o n  
f o r  e a c h  of  th e  a b o v e  c o n d i t i o n s .
R E S U L T S
In e a c h  c a s e  a s p l i t  p lo t  ANOVA w as  c a r r i e d  out  on 
th e  a r c - s i n  t r a n s f o r m a t i o n  of  the  p r o b a b i l i t y  of c o r r e c t  r e c a l l .  All  
e f f e c t s  w e r e  t e s t e d  a g a i n s t  t h e i r  i n t e r a c t i o n  w i th  s u b j e c t s  o r ,  in  the  
c a s e  of the  e f f e c t s  inv o lv in g  n o i s e ,  a g a i n s t  the  c o r r e s p o n d i n g  ' s u b j e c t s  
w i th in  n o i s e ' t e r m .
O v e r a l l  r e c a l l
T a b l e  1. 2 sh o w s  the  m e a n  n u m b e r  of  l e t t e r s  r e c a l l e d  
u n d e r  a l l  c o n d i t i o n s  in  t h i s  e x p e r i m e n t .  T h e  r e s u l t s  of a n  ANOVA
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T a b l e  1. 2
Mean o v e r a l l  
r e p e t i t i o n s
r e c a l l  p e r  l i s t  (Max. 
pe r  c o n d i t i o n )  f o r  a l l
Score 3 .0  g iven  t h r e e  
c o n d i t i o n s  i n  Experiment 1 t-.
N o i s e  l e v e l 65 dBC 85 dBC
C on te x t NC C NC C
C r i t i c a l  l e t t e r A c o u s t i c a l l y  d i s s i m i l a r  s e t
p a i r s
R e p e a t e d
L a g  0 2. 143 2. 200 1. 829 2. 086
L a g  2 2. 057 1. 514 2. 000 1. 600
N o n r e p e a t e d •
L a g  0 2. 243 1. 657 1. 857 1. 714
L a g  2 2. 400 1. 686 2. 014 1. 314
A c o u s t i c a l l y  s i m i l a r  s e t
R e p e a t e d
L a g  0 1. 500 2 .4 0 0 1. 600 2. 271
L a g  2 1. 386 1. 971 1. 614 1 .5 5 7
N o n r e p e a t e d
L a g  0 1. 229 1. 914 1 .4 1 4 1. 571
L a g  2 1. 157 1 .4 2 9 1. 871 1. 571
on the  d a t a  s h o w e d  s ig n i f i c a n t  m a i n  e f f e c t s  due to :  n a t u r e  of the  
c r i t i c a l  p a i r -  r e p e a t e d  vs  non  r e p e a t e d  (F=27.  95, d. f. 1, 18, P  < 0. 001),  
L a g -  n u m b e r  of i n t e r v e n i n g  i t e m s  b e t w e e n  r e p e t i t i o n s  (F=32.  69, d. f.
1, 18, P <  0. 001);  s e t  f r o m  w h ic h  c r i t i c a l  p a i r  w a s  d r a w n -  a c o u s t i c a l l y  
s i m i l a r  o r  d i s s i m i l a r  (F = 30. 94, d . f .  1, 18, P <  0. 001) an d  s e r i a l  
p o s i t i o n  (F=72.  12, d . f .  6, 108, P<  0. 001).  T he  d i r e c t i o n s  of t h e s e  
e f f e c t s  w e r e  a s  fo l l o w s :  l i s t s  c o n ta in in g  r e p e a t e d  i t e m s  w e r e  
b e t t e r  r e c a l l e d  t h a n  l i s t s  c o n ta in in g  n o n  r e p e a t e d  i t e m s ;  a c o u s t i c a l l y  
d i s s i m i l a r  i t e m s  w e r e  b e t t e r  r e c a l l e d  t h a n  a c o u s t i c a l l y  s i m i l a r  i t e m s  
a n d  l i s t s  c o n ta in in g  i t e m s  r e p e a t e d  a t  L a g  0 w e r e  b e t t e r  r e c a l l e d
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t h a n  t h o s e  c o n ta in in g  i t e m s  r e p e a t e d  a t  L a g  2. F i n a l l y  a n o r m a l  
s e r i a l  p o s i t i o n  c u r v e  w a s  o b s e r v e d .  In a d d i t i o n  to th e  ab o v e  
s ig n i f i c a n t  m a i n  e f f e c t s  s e v e r a l  i n t e r a c t i o n s  a l s o  r e a c h e d  
s i g n i f i c a n c e .  A  t a b l e  s u m m a r i z i n g  a l l  t h e s e  i n t e r a c t i o n s  i s  
p r o v i d e d  in  th e  a p p e n d ix .  F o r  o u r  p r e s e n t  p u r p o s e s  I w i l l  n o te  
on ly  th o s e  i n t e r a c t i o n s  w h ich  in v o lv e d  N o i s e  a s  a  f a c t o r .  T h e r e  
w e r e  tw o s u c h  i n t e r a c t i o n s .
The f i r s t  w a s  the  t w o - w a y  i n t e r a c t i o n  b e t w e e n  N o i s e  
a n d  s e r i a l  p o s i t i o n  (F  = 2. 44,  d . f .  6 , 1 0 8 ,  P< 0. 05) and  c a n  be 
s e e n  in  F i g u r e  1 . 1 .  It w i l l  be o b s e r v e d  th a t  p e r f o r m a n c e  in  85 dB C ,  
c o m p a r e d  to 65 dBC n o i s e  w a s  b e t t e r  in  the  e a r l y  s e r i a l  p o s i t i o n s  
( p o s i t i o n s  1 an d  2), bu t  w o r s e  in  l a t e r  p o s i t i o n s  ( p o s i t i o n s  4, 5, 6 
a n d  7). M i l l a r  (1979) a n d  Wilding an d  M o h i n d r a  (1980) u s in g  8 a n d  
5 i t e m  l i s t s  r e s p e c t i v e l y ,  b o th  s h o w e d  w o r s e  r e c a l l  of e a r l y  l i s t  
p o s i t i o n s  in  n o i s e  a n d  b e t t e r  r e c a l l  of l a t e r  i t e m s .  T h i s  d i s c r e p a n c y  
b e t w e e n  t h e i r  r e s u l t s  an d  th o s e  o b t a in e d  h e r e  cou ld  p e r h a p s  be  
a t t r i b u t e d  to t h e  d i f f e r e n t  l i s t  l e n g th s  u s e d .  M i l l a r ' s  l i s t s  
c o n t a i n e d  8 i t e m s  ; i t  i s  p o s s i b l e  t h a t  a s  th i s  e x c e e d s  the  a v e r a g e  
m e m o r y  s p a n ,  e a r l y  i t e m s  a r e  r e p l a c e d  by l a t e r  i t e m s  in  m e m o r y .  
W i ld ing  a n d  M o h i n d r a  h o w e v e r  u s e d  on ly  5 i t e m  l i s t s ,  i n  a d d i t i o n  
to  w h ic h  th e  l a s t  l e t t e r  of t h e i r  l i s t  w a s  r e d u n d a n t  g iv e n  th a t  
s u b j e c t s  t h a t  on  e a c h  t r i a l  the  s a m e  5 l e t t e r s  w ou ld  be p r e s e n t e d ,  
a l b e i t  in  a  d i f f e r e n t  o r d e r  on e a c h  t r i a l .  In bo th  c a s e s  t h e n  the  
r e c e n c y  e f f e c t  m a y  h a v e  b e e n  a r t i f i c i a l l y  e n h a n c e d .
The  s e c o n d  i n t e r a c t i o n  to  r e a c h  s i g n i f i c a n c e  w a s  
t h a t  b e t w e e n  N o i s e ,  l e t t e r  s e t  f r o m  w h ic h  c r i t i c a l  l e t t e r s  w e r e
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F i g u r e  1 .1
M e a n  n u m b e r  of  i t e m s  r e c a l l e d  o v e r a l l  u n d e r  65 an d  85 dBC 
n o i s e  a t  e a c h  s e r i a l  p o s i t i o n .
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d r a w n  ( a c o u s t i c a l l y  s i m i l a r  o r  d i s s i m i l a r )  and  Con tex t  ( c o n t r a s t i n g  
o r  n o n - c o n t r a  s t i n g ) . Th.is i n t e r a c t i o n  i s  show n in F i g u r e  1. 2.
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F i g u r e  1. 2
O v e r a l l  r e c a l l  f o r  l i s t s  w i th  a c o u s t i c a l l y  s i m i l a r  o r  d i s s i m i l a r  
c r i t i c a l  i t e m s  p r e s e n t e d  in  a n o n - c o n t r a s t i n g  co n tex t  o r  a  
c o n t r a s t i n g  c o n te x t  u n d e r  e a c h  l e v e l  of n o i s e .
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T h i s  i n t e r a c t i o n  w a s  i n t e r p r e t e d  a s  r e s u l t i n g  f r o m  a n  i m p r o v e m e n t  
in  lo u d  n o i s e  c o n d i t io n s ,  f o r  l i s t s  c o m p r i s i n g  c r i t i c a l  l e t t e r s  d r a w n  
f r o m  th e  a c o u s t i c a l l y  c o n f u s a b le  s e t ,  p r e s e n t e d  in  a  n o n - c o n t r a s t i n g  
c o n te x t ,  i.  e. a l l  the  l e t t e r s  in  t h i s  ty p e  of l i s t s  w e r e  a c o u s t i c a l l y  
s i m i l a r  l e t t e r s .  T he  r e m a i n i n g  t h r e e  l i s t  t y p e s  a l l  e x p e r i e n c e d  
i m p a i r m e n t  in r e c a l l  a s  a  r e s u l t  of be ing  e x p o s e d  in  lo u d  n o i s e .  
H o w e v e r ,  l i s t s  c o m p r i s i n g  c r i t i c a l  l e t t e r s  d r a w n  f r o m  the  a c o u s t i c a l l y  
d i s s i m i l a r  s e t ,  b u t  p r e s e n t e d  in a c o n t r a s t i n g  c o n tex t ,  i . e .  5 of the  
7 l e t t e r s  in  t h i s  type  of l i s t  w e r e  a c o u s t i c a l l y  s i m i l a r ,  s h o w e d  the  
s m a l l e s t  i m p a i r m e n t  in  r e c a l l  d u r in g  loud  n o i s e  c o n d i t i o n s .  T h i s  
s e l e c t i v e  i m p r o v e m e n t  c o n f i r m s  th e  r e s u l t  o b t a in e d  by Wild ing  an d  
M o h i n d r a  (1980) w h e r e  a s i m i l a r  i m p r o v e m e n t  w a s  o b s e r v e d  in  
s e r i a l  o r d e r  r e c a l l  of l i s t s  c o n ta in in g  a c o u s t i c a l l y  c o n fu s a b le  
l e t t e r s  p r e s e n t e d  in  85 dB C  n o i s e .
An a n a l y s i s  of e r r o r s  of a c o u s t i c  c o n fu s io n  ( r e c a l l  of 
a  c o n s o n a n t ,  a c o u s t i c a l l y  s i m i l a r  to t h a t  w h ic h  w a s  a c t u a l l y  p r e s e n t e d )  
s h o w e d  th a t  f e w e r  a c o u s t i c  c o n fu s io n s  o c c u r r e d  in  the  85 dBC,  
c o m p a r e d  to  t h e  65 dBC c o n d i t io n s  ( t  = 2 . 4 6 ,  d . f .  18, P <  0 . 0 5 ) .
A g a in  t h i s  s u p p o r t s  M i l l a r ' s  (1979) a n d  Wild ing  an d  M o h i n d r a ' s  
(1980) r e s u l t  and  f u r t h e r  e m p h a s i z e s  the  n o t io n  th a t  n o i s e  d o e s  
no t  m a s k  r e h e a r s a l  in  a  s i m i l a r  m a n n e r  to i t s  i m p a i r m e n t  of 
s p e e c h  p e r c e p t i o n .  I n s t e a d  i t  s u g g e s t s  t h a t  p e r h a p s  i n t e r f e r e n c e  
f r o m  o t h e r  i t e m s  i s  of a  l e s s e r  m a g n i t u d e  i n  loud  n o i s e  an d  t h a t  
th e  b e n e f i t s  of  t h i s  r e d u c t i o n  in  i n t e r f e r e n c e  a r e  g r e a t e r  f o r  l i s t s  
of a c o u s t i c a l l y  s i m i l a r  l e t t e r s ,  i . e .  a c o u s t i c a l l y  s i m i l a r  i t e m s  
a r e  s o m e h o w  m o r e  d i s c r i m i n a b l e  in  n o i s e .
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S u m m a r i z i n g  the  r e s u l t s  so f a r ,  the  o v e r a l l  p i c t u r e  
s u g g e s t s  t h a t  a l th o u g h  r e p e t i t i o n  of i t e m s  w i th in  a  l i s t  i m p r o v e s  
r e c a l l  f o r  i t e m s  in  t h a t  l i s t ,  t h i s  e f f e c t  d o e s  no t  i n t e r a c t  w i th  n o i s e  
in  a n y  c l e a r  f a s h io n .  H o w e v e r  f u r t h e r  a n a l y s i s  of the  r e c a l l  of b o th  
l e t t e r s  of t h e  c r i t i c a l  p a i r  and  r e c a l l  of a t  l e a s t  one l e t t e r  of the  
c r i t i c a l  p a i r  n e e d s  to be c o n s i d e r e d  b e f o r e  we c a n  c o n c lu d e  w h e t h e r  
n o i s e  p r o l o n g s  s t i m u l u s  t r a c e s ,  a s  s u g g e s t e d  by  D aee  an d  Wild ing 
(1977).
R e c a l l  o f  bo th  l e t t e r s  of  a  c r i t i c a l  p a i r .
R e c a l l  of bo th  l e t t e r s  of a  c r i t i c a l  p a i r  w a s  a n a l y s e d  
s e p a r a t e l y  in o r d e r  to s e e  w h e t h e r  th e  e x p e r i m e n t a l  v a r i a b l e s  
a f f e c t e d  r e c a l l  of  the  c r i t i c a l  p a i r  a s  a  u n i t .  T h i s  ty pe  of a n a l y s i s  
s how ed ,  b a r r i n g  i n t e r a c t i o n s  w i th  the  a d d i t i o n a l  f a c t o r  of n o i s e ,  
t h a t  the  r e s u l t s  w e r e  v i r t u a l l y  i d e n t i c a l  to t h o s e  o b t a in e d  by  L e e  
(1976,  b) .
The  r e s u l t s  of a n  ANOVA on  the  a r c - s i n  t r a n s f o r m a t i o n s  
of the  p r o b a b i l i t y  of r e c a l l i n g  bo th  l e t t e r s  of  a  c r i t i c a l  p a i r  sh o w e d  
t h a t  r e c a l l  w a s  i m p r o v e d  if  th e  l e t t e r s  s to o d  out  f r o m  t h e i r  c o n te x t ,  
e i t h e r  b y  b e in g  r e p e a t e d  i t e m s  ( F =43. 21, d . f .  1, 18, P< 0, 001) o r  
by  b e in g  d r a w n  f r o m  the  c o n t r a s t i n g  s e t  (F= 4. 88, d . f .  1, 18, P <  0. 05). 
H o w e v e r  l e t t e r s  d r a w n  f r o m  the  a c o u s t i c a l l y  s i m i l a r  s e t  w e r e  w o r s e  
r e c a l l e d  th a n  t h o s e  d r a w n  f r o m  the  d i s s i m i l a r  s e t  (F = 37. 73, d . f .  1,
18, P  < 0. 001).  In a d d i t i o n  t h e r e  w e r e  s ig n i f i c a n t  e f f e c t s  due to the  
i n t e r a c t i o n  of S t im u lu s  p a i r  ( r e p e a t e d  vs  n o n - r e p e a t e d )  X L a g  
(F= 10.  65, d . f .  1 ,1 8 ,  P  < 0 . 0 1 ) ;  L e t t e r  s e t  of c r i t i c a l  p a i r  X
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C on tex t  (F= 1 0 .2 0 ,  d . f .  1 ,1 8 ,  F  < 0. 01); and  L e t t e r  s e t  of  c r i t i c a l  
p a i r  X R e p e t i t i o n  (F= 5 . 3 0 ,  d . f .  1 ,1 8 ,  P <  0 . 0 5 ) .  T h e s e  i n t e r a c t i o n s  
a r e  i l l u s t r a t e d  in  F i g u r e s  1 .3 ,  1 . 4  an d  1. 5 r e s p e c t i v e l y .
Two i n t e r a c t i o n s  invo lv ing  n o i s e  a l s o  r e a c h e d  
s i g n i f i c a n c e .  F i r s t l y ,  a n  i d e n t i c a l  i n t e r a c t i o n  to  t h a t  o b s e r v e d  d u r in g  
the  a n a l y s i s  of  the  o v e r a l l  r e c a l l  d a t a  a l s o  r e a c h e d  s ig n i f i c a n c e  h e r e .  
T h i s  w a s  the  i n t e r a c t i o n  b e t w e e n  L e t t e r  s e t  of c r i t i c a l  p a i r .  Con tex t  
an d  N o i s e  (F= 17. 78,  d . f .  1 ,1 8 ,  P  < 0 . 0 0 1 )  an d  i s  show n  in  F i g u r e
1. 6. T h i s  a g a i n  s h o w e d  th a t  n o i s e  i m p r o v e d  r e c a l l  p e r f o r m a n c e  of 
th e  a c o u s t i c a l l y  s i m i l a r  p a i r s  w hen  the  c r i t i c a l  l e t t e r s  w e r e  
p r e s e n t e d  in  a n o n - c o n t r a s t i n g  c o n tex t .  In a l l  o t h e r  c o n d i t io n s  
p e r f o r m a n c e  in  85 dBC,  c o m p a r e d  to 65 dBC n o i s e ,  w a s  i m p a i r e d .  
F i n a l l y  the  i n t e r a c t i o n  b e t w e e n  L e t t e r  s e t  of  c r i t i c a l  p a i r .  S t i m u l u s  
p a i r  ( r e p e a t e d  v s  n o n - r e p e a t e d ) .  L a g ,  Con tex t  and  N o i s e  w a s  a l s o  
s i g n i f i c a n t .  B r e a k i n g  th i s  i n t e r a c t i o n  in to  th e  c o m p o n e n t s  c o n t r i b u t e d  
by  th e  r e p e t i t i o n  t r i a l s  vs  the  n o n - r e p e t i t i o n  t r i a l s ,  show e d  th a t  
t h i s  e f f e c t  on ly  a p p l i e d  in  the  l a t t e r  c a s e .  H e r e  i t  w a s  o b s e r v e d  th a t  
th e  a c o u s t i c a l l y  d i s s i m i l a r  c r i t i c a l  p a i r s ,  p r e s e n t e d  in  a c o n t r a s t i n g  
c o n t e x t ,  at  l a g  0 ( e . g .  C B J L P G V )  w e r e  r e c a l l e d  b e t t e r  in  the  85 a s  
c o m p a r e d  to th e  65 dB C  c o n d i t i o n s .  H o w e v e r  no c l e a r  i n t e r p r e t a t i o n  
of t h i s  e f f e c t  w a s  e v id e n t  a p a r t  f r o m  the  f a c t  t h a t  the  c o n t r a s t  
b e t w e e n  the  l e t t e r s  of the  c r i t i c a l  p a i r  a n d  th e  r e s t  of the  i t e m s  
m a y  h a v e  e n h a n c e d  t h e i r  d i s c r i m i n a t i o n .
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F i g u r e  1 .3 .
R e c a l l  of  b o th  l e t t e r s  of  a c r i t i c a l  p a i r  ( r e p e a t e d  vs  n o n - r e p e a t e d )  
a t  L a g  0 a n d  a t  Lag  2.
F i g u r e  1 .4 .
R e c a l l  of  b o th  l e t t e r s  of  a  c r i t i c a l  p a i r  ( a c o u s t i c a l l y  s i m i l a r  o r  
d i s s i m i l a r )  p r e s e n t e d  in  a c o n t r a s t i n g  o r  n o n - c o n t r a s t i n g  c o n tex t .
F i g u r e  1 . 5 .
R e c a l l  of  b o th  l e t t e r s  of  a  c r i t i c a l  p a i r  ( a c o u s t i c a l l y  s i m i l a r  o r  
d i s s i m i l a r )  w h ic h  w e r e  e i t h e r  r e p e t i t i o n s  o r  n o n - r e p e a t e d  i t e m s .
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F i g u r e  1. 6
R e c a l l  of bo th  l e t t e r s  of a c r i t i c a l  p a i r  ( a c o u s t i c a l l y  s i m i l a r  
o r  d i s s i m i l a r )  p r e s e n t e d  in  a n o n - c o n t r a s t i n g  o r  a c o n t r a s t i n g  
co n te x t  u n d e r  e a c h  l e v e l  of n o i s e .
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R e c a l l  of  a t  l e a s t  one l e t t e r  of th e  c r i t i c a l  p a i r .
A n a ly s in g  r e c a l l  of  a t  l e a s t  one l e t t e r  of t h e  c r i t i c a l  
p a i r  s h o w e d  t h a t  a l m o s t  t h e  i d e n t i c a l  v a r i a b l e s  w h ic h  a f f e c t e d  r e c a l l  
of b o th  l e t t e r s  of the  c r i t i c a l  p a i r  w e r e  o p e r a t i v e  ag a in .  T h i s  
o v e r a l l  t r e n d  c o n t r a d i c t s  the p a t t e r n  o b s e r v e d  by  L e e  (1976,  b).
L e e  h a d  s how n  th a t  v a r i a b l e s  w h ic h  a f f e c t e d  r e c a l l  of  c r i t i c a l  
l e t t e r s  a s  a  p a i r  d id  no t  a f f e c t  r e c a l l  of c r i t i c a l  i t e m s  in d iv id u a l ly .
R e s u l t s  of  a n  ANOVA on the  a r c - s i n  t r a n s f o r m a t i o n  
of th e  p r o b a b i l i t y  of r e c a l l  of a t  l e a s t  one l e t t e r  of t h e  c r i t i c a l  p a i r  
r e v e a l e d  the  fo l low ing  s ig n i f i c a n t  m a i n  e f f e c t s :  L e t t e r  s e t  of c r i t i c a l  
i t e m  (F= 3 0 . 7 2 ,  d . f .  1 . 1 8 ,  P <  0 . 0 0 1 ) ;  R e p e t i t i o n  (F= 32. 46, d. f . 
1 , 1 8 ,  P  < 0. 001);  L a g  (F= 41.  21, d . f .  1 , 1 8 ,  P  <0. 001) an d  
C on te x t  (F= 7. 55, d . f .  1 ,1 8 ,  P <  0 . 0 2 5 ) .  T h e  d i r e c t i o n  of t h e s e  
e f f e c t s  w a s  i d e n t i c a l  to  w h a t  h a d  p r e v i o u s l y  b e e n  o b s e r v e d  w i th  
the  a n a l y s i s  of  r e c a l l  of  b o th  l e t t e r s  of  t h e  c r i t i c a l  p a i r .  The 
fo l lo w in g  i n t e r a c t i o n s  w e r e  a l s o  s ig n i f i c a n t :  R e p e t i t i o n  X L a g  (F =
8. 27, d . f .  1, 18, P  < 0. 025);  L e t t e r  s e t  of c r i t i c a l  i t e m  X R e p e t i t i o n  
(F= 6. 52,  d . f .  1 , 1 8 ,  P <  0 . 0 2 5 ) ;  L e t t e r  s e t  of c r i t i c a l  i t e m  X 
C on te x t  (F= 7 . 6 4 ,  d . f .  1, 18, P < 0 . 0 2 5 )  an d  R e p e t i t i o n  X C on tex t  
( F = 6 . 3 0 ,  d . f .  1 . 1 8 ,  P <  0 . 0 2 5 ) .  Only  th e  l a s t  of t h e s e  f o u r  
i n t e r a c t i o n s  h a d  not  p r e v i o u s l y  b e e n  o b s e r v e d  in  the  a n a l y s i s  on 
t h e  r e c a l l  of b o th  l e t t e r s  of th e  c r i t i c a l  p a i r ;  t h i s  i s  show n in 
F i g u r e  1 . 7 .  D i r e c t i o n s  of  th e  a l l  the  o t h e r  e f f e c t s  w e r e  a s  b e f o r e .
Two i n t e r a c t i o n s  invo lv ing  n o i s e  w e r e  a l s o  s ig n i f i c a n t .  
A g a in ,  t h e  f i r s t  of  t h e s e  w a s  the  i n t e r a c t i o n  b e t w e e n  L e t t e r  s e t  of
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F i g u r e  1. 7
R e c a l l  of at  l e a s t  one c r i t i c a l  l e t t e r  f r o m  a  r e p e a t e d  o r  a 
n o n - r e p e a t e d  p a i r  p r e s e n t e d  in  a  n o n - c o n t r a s t i n g  o r  
c o n t r a s t i n g  co n te x t .
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c r i t i c a l  i t e m ,  Con tex t  and  N o is e  (F= 18. 61, d . f .  1 ,1 8 ,  F  < 0. 01). 
T h e  p a t t e r n  of  t h i s  e f f ec t  w a s  i d e n t i c a l  to t h a t  p r e v i o u s l y  o b s e r v e d  
( s e e  F i g u r e  1. 8). The  s e c o n d  i n t e r a c t i o n  in c lu d e d  the  f a c t o r s  
L e t t e r  s e t  of c r i t i c a l  i t e m .  L a g ,  C on te x t  a n d  N o i s e  (F= 5. 00, d . f .
1, 18, P  < 0. 05).  T h i s  e f f ec t  i s  shown in F i g u r e  1. 9. T h i s  w as  
i n t e r p r e t e d  a s  fo l lo w s :  t a k in g  the  n o n - c o n t r a s  t ing  c o n d i t io n s  f i r s t ,  
t h e  u s u a l  i n f lu e n c e  of 85 d B C  n o i s e  i m p a i r i n g  r e c a l l  of 
a c o u s t i c a l l y  d i s s i m i l a r  l e t t e r s  w a s  o b s e r v e d .  T h e s e  e f f e c t s  w e r e  
m o r e  m a r k e d  a t  L a g  0 f o r  b o th  t y p e s  of i t e m s ,  t h a n  a t  L ag  2. 
H o w e v e r ,  in  th e  c o n t r a s t i n g  c o n d i t io n s  d i s s i m i l a r  i t e m s  a t  L a g  0 
i m p r o v e d  u n d e r  85 dBC n o i s e .  A l l  o t h e r  c o n d i t io n s  sh o w e d  an  
i m p a i r m e n t .  T h i s  r e s u l t  f u r t h e r  s u p p o r t s  the  t e n d e n c y  f o r  
a c o u s t i c a l l y  s i m i l a r  l e t t e r s  to  be  h e l p e d  by loud  n o i s e ,  p a r t i c u l a r l y  
w hen  the  c o n te x t  l e t t e r s  a l s o  h a p p e n  to  be of  th e  s a m e  ty p e .  It i s  
p o s s i b l e  t h a t  the  i m p r o v e m e n t  sh o w n  by  d i s s i m i l a r  l e t t e r s  a t  L a g  
0 in  the  85 dB C  c o n d i t i o n s  i s  due to  th e  a d d e d  a t t e n t i o n  th i s  i t e m  
r e c e i v e s  a t  in p u t .
DISCUSSION
R e s u l t s  f r o m  t h i s  e x p e r i m e n t  g e n e r a l l y  c o n f i r m e d  
the  e f f e c t  d e m o n s t r a t e d  b y  Wild ing an d  M o h i n d r a  (1980), w h e r e  i t  
w a s  s how n  t h a t  85dBC,  c o m p a r e d  to 65 dBC w h i te  n o i s e ,  i m p r o v e d  
r e c a l l  of l i s t s  c o n ta in in g  a c o u s t i c a l l y  s i m i l a r  l e t t e r s  w h i le  h av ing  
l i t t l e  o r  no e f f e c t  on  l i s t s  co n ta in in g  n o n - c o n f u s a b l e  i t e m s .
What abou t  th e  h y p o t h e s i s  u n d e r  t e s t ,  i.  e.  t h a t  n o i s e  
p r o l o n g e d  s t i m u l u s  t r a c e s  ? No e v i d e n c e  w a s  found  to s how  th a t  
a n y  f a c i l i t a t i o n  t o o k  p l a c e  in  the  r e c a l l  of r e p e a t e d  i t e m s  p r e s e n t e d
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1 .2 5 n o n - c o n t r a s t c o n t r a s t
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F i g u r e  1 .8 .  R e c a l l  of at  l e a s t  one c r i t i c a l  l e t t e r  ( a c o u s t i c a l l y  
s i m i l a r  o r  d i s s i m i l a r )  p r e s e n t e d  in a n o n - c o n t r a s t i n g  o r  
c o n t r a s t i n g  c o n te x t  u n d e r  e a c h  l e v e l  of n o i s e .
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F i g u r e  1 . 9 .  R e c a l l  of a t  l e a s t  one c r i t i c a l  l e t t e r  ( a c o u s t i c a l l y
d i s s i m i l a r  L ag  0 , d i s s i m i l a r  L a g  2 n — □, s i m i l a r  L a g  0
4  A,  s i m i l a r  L a g  2 A— a ) p r e s e n t e d  in  a c o n t r a s t i n g  o r  n o n ­
c o n t r a s t i n g  c o n t e x t  u n d e r  e a c h  l e v e l  of n o i s e .
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w i th  m o r e  i n t e r v e n i n g  i t e m s  b e t w e e n  r e p e t i t i o n s .  I n s t e a d  the  
p a t t e r n  of r e s u l t s  found  h e r e  sh o w e d  th a t  v a r i a b l e s  s u c h  a  r e p e t i t i o n  
a n d  a c o u s t i c  c o n t r a s t  h a d  s i m i l a r  e f f e c t s  on th e  r e c a l l  of b o th  
l e t t e r s  of a  c r i t i c a l  p a i r  a n d  on the r e c a l l  of  a t  l e a s t  one l e t t e r  of 
th e  c r i t i c a l  p a i r ,  s u g g e s t i n g  th a t  t h e s e  v a r i a b l e s  i n f l u e n c e d  r e c a l l  
by  a f f o r d in g  d i f f e r e n t i a l  a t t e n t i o n  to r e p e a t e d  o r  to  a c o u s t i c a l l y  
c o n t r a s t i n g  l e t t e r s .  In a d d i t io n  n o i s e  w a s  s how n  to e n h a n c e  t h i s  
p r o c e s s  by  p r o m o t i n g  f u r t h e r  d i s c r i m i n a t i o n  b e t w e e n  i t e m s  w i th in  
a l i s t .  T h i s  d o e s  no t  in  i t s e l f  h e lp  r e c a l l  of r e p e a t e d  i t e m s ,  e x c e p t  
in  th e  c a s e  of a c o u s t i c a l l y  s i m i l a r  i t e m s ,  w h ic h  w e r e  r e p e t i t i o n s  
an d  w e r e  p r e s e n t e d  in a n o n - c o n t r a s t i n g  con tex t .  H o w e v e r ,  a s  w a s  
d i s c u s s e d  p r e v i o u s l y ,  the  l a t t e r  r e s u l t  cou ld  a l s o  be  a t t r i b u t e d  to 
t h e  o v e r a l l  i m p r o v e m e n t  in  r e c a l l  f o r  a c o u s t i c a l l y  s i m i l a r  l i s t s  
p r e s e n t e d  in  n o i s e .
In g e n e r a l  t h e n  t h e s e  r e s u l t s  a g r e e  w i th  a n  i n t e r p r e t a t i o n  
b a s e d  in  t e r m s  of  th e  Von R e s t o r f f  e f f ec t .  T h i s  e f f e c t  h a s  b e e n  
d e s c r i b e d  a s  a  f a c i l i t a t i o n  in  r e c a l l  of  i t e m s  th a t  s t a n d  out  a s  
u n iq u e  i n  a s e r i e s ,  due to the  e x t r a  a t t e n t i o n  o r  r e h e a r s a l  t h e y  
r e c e i v e  ( P o t t s  a n d  S h i f f r in ,  1970).  L e e  (1976,  b) in  c o n t r a s t  
h a d  sh o w n  t h a t  c r i t i c a l  l e t t e r s  t e n d e d  to be r e c a l l e d  a s  u n i t s  w hen  
t h e y  w e r e  r e p e a t e d  o r  w hen  t h e y  s to o d  out  f r o m  t h e i r  b a c k g r o u n d .
In h e r  c a s e  though ,  n e i t h e r  of t h e s e  f a c t o r s  i n f l u e n c e d  the  p r o b a b i l i t y  
of r e c a l l i n g  one l e t t e r  of the  c r i t i c a l  p a i r .  T h i s  l e d  h e r  to s u g g e s t  
th a t  s o m e  s t i m u l u s  a t t r i b u t e  of the c r i t i c a l  l e t t e r  p a i r  w as  
e n c o d e d ,  a n d  t h a t  r e c a l l  of  bo th  l e t t e r s  of  a  p a i r  w as  f a c i l i t a t e d  
w h e n  a  t a g  w a s  r e t r i e v e d  u s in g  one l e t t e r  of  th e  p a i r  of i t e m s .  In
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t h e  c u r r e n t  e x p e r i m e n t  h o w e v e r ,  s u c h  an  i n t e r p r e t a t i o n  h a s  to  
be d i s m i s s e d ,  an d  in  an y  c a s e  t h e r e  t h e r e  a r e  a n u m b e r  of  
p l a u s i b l e  r e a s o n s  why  the r e s u l t s  o b ta in e d  h e r e  m a y  d i f f e r  f r o m  
t h o s e  of L e e .  F i r s t l y ,  in  the  c u r r e n t  e x p e r i m e n t  c r i t i c a l  l e t t e r s  
w e r e  a l w a y s  p r e s e n t e d  in  the s a m e  p o s i t i o n  in  a l l  l i s t s .  O v e r  
t r i a l s  s u b j e c t s  m a y  have  l e a r n e d  th a t  i t e m s  p r e s e n t e d  in  t h e s e  
p o s i t i o n s  hav e  a  s p e c i a l  r e l e v a n c e  and  th u s  m a y  h a v e  p a y e d  m o r e  
a t t e n t i o n  to t h e m .  S eco n d ly ,  the  p r e s e n t a t i o n  t i m e  in L e e ' s  
e x p e r i m e n t  w a s  f a s t e r  t h a n  th a t  u s e d  h e r e .  T h e r f o r e  s u b j e c t s  
w o u ld  h a v e  h a d  m o r e  t i m e  in  th e  p r e s e n t  e x p e r i m e n t  to a t t e n d  to 
c r i t i c a l  i t e m s .  T h i r d l y  th e  m e t h o d  by w h ich  s u b j e c t s  r e c o r d e d  
t h e i r  r e s p o n s e  d i f f e r e d  in  the  two e x p e r i m e n t s .  In the  e x p e r i m e n t  
by  L e e ,  r e s p o n s e s  w e r e  to  be  r e c o r d e d  in  o p e n  b o x e s ,  the  l a s t  
l e t t e r  o r  a n y  o t h e r  l e t t e r  cou ld  t h u s  h a v e  b e e n  r e c o r d e d  f i r s t  
a s  long  a s  i t  w a s  p l a c e d  in  the  a p p r o p r i a t e  box .  In the  p r e s e n t  
c a s e  the  r e s p o n s e  a l w a y s  h a d  to be  r e c o r d e d  s e r i a l l y ,  w i th  th e  
i t e m  in  the  f i r s t  s e r i a l  p o s i t i o n  be in g  e n t e r e d  f i r s t ,  a l th o u g h  
s u b j e c t s  d id  h a v e  th e  o p t io n  of c o r r e c t i n g  t h e i r  r e s p o n s e  a t  an y  
s t a g e .  T h i s  m a y  h a v e  e n c o u r a g e d  m o r e  a t t e n t i o n  to be p a i d  to 
e a r l y  l i s t  i t e m s .  F i n a l l y  the  g r e a t e s t  d i f f e r e n c e  t h a t  e x i s t e d  
b e t w e e n  th e  tw o  e x p e r i m e n t s  w a s  th a t  in  the  p r e s e n t  e x p e r i m e n t  
the  t o - b e - r e m e m b e r e d  i t e m s  w e r e  a c c o m p a n i e d  by  e x p o s u r e  to 
w h i te  n o i s e .  T h u s ,  a s  p o in t e d  out  b e f o r e ,  e n o u g h  d i f f e r e n c e s  
e x i s t e d  to j u s t i f y  the  d i f f e r e n c e  in  the  o b t a in e d  r e s u l t s .
The  nex t  e x p e r i m e n t  to be  d e s c r i b e d  m a d e  one c h a n g e  
in  th e  p r o c e d u r e ,  in  o r d e r  to en h a n c e  the  c o n d i t io n s  u n d e r  w h ich
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t h e  p r o l o n g a t i o n  of t r a c e  d u r a t i o n  cou ld  o c c u r .
3- 2 E X P E R I M E N T  2
I n t r o d u c t io n
T he  r e s u l t s  of E x p e r i m e n t  1 w e r e  e x p l a i n e d  by 
s u g g e s t i n g  th a t  i m p r o v e m e n t  in  p e r f o r m a n c e  of  i t e m s ,  w h ic h  had  
p r o p e r t i e s  w h ich  a l lo w e d  t h e m  to be  d i s c r i m i n a t e d  f r o m  o t h e r  i t e m s  
co u ld  be a c c o u n t e d  f o r  in  t e r m s  of the  the  Von  R e s t o r f f  e f f ec t .  
R e s e a r c h  on th e  Von R e s t o r f f  e f f e c t  ( s o m e t i m e s  know n a s  the  
I s o l a t i o n  e f fec t )  h a s  g e n e r a l l y  show n th a t  t h e r e  i s  a  t r a d e - o f f  
in  a t t e n t i o n  b e t w e e n  i s o l a t e d  i t e m s  an d  th e  r e m a i n i n g  i t e m s ,  
r e s u l t i n g  in  the  i s o l a t e d  i t e m  be ing  b e t t e r  r e m e m b e r e d  a t  the  
e x p e n s e  of the  o t h e r  l i s t  i t e m s .  (W a l lace ,  1965).
M o r e  r e c e n t l y  h o w e v e r ,  i t  h a s  b e e n  o b s e r v e d  th a t  in  
a  l i s t  c o n t a in in g  i s o l a t e d  i t e m s ,  an  o v e r a l l  ' l i s t  f a c i l i t a t i o n  e f f e c t '  
c a n  o c c u r  (C im b a lo  an d  P e l e n e r o ,  1970; J o h a n s s o n ,  1970; Stock ,  
1970;  C im b a lo ,  C a p r i a ,  N e i d e r  an d  W i lk in s ,  1977) p a r t i c u l a r l y  
if  l i s t  i t e m s  a r e  p r e s e n t e d  s i m u l t a n e o u s l y ,  r a t h e r  t h a n  by the  
u s u a l  m e t h o d  of s u c c e s s i v e  p r e s e n t a t i o n .  J o h a n s  son  (1970) h a s  
o f f e r e d  a n  e x p l a n a t i o n  f o r  t h i s  r e s u l t  by  s u g g e s t in g  th a t  the 
s u b j e c t ' s  c h a n c e s  of d i r e c t i n g  h i s  a t t e n t i o n  a r e  g r e a t e r  d u r in g  
s lo w  s i m u l t a n e o u s  p r e s e n t a t i o n  t h a n  d u r in g  s u c c e s s i v e  p r e s e n t a t i o n  
b e c a u s e  t h e r e  i s  m o r e  t i m e  a v a i l a b l e  f o r  m e m o r i z i n g  bo th  th e  
i s o l a t e d  i t e m  and  the  b a c k g r o u n d  i t e m s  an d  th a t  the  i s o l a t e d  i t e m  
m a y  fu n c t i o n  a s  a  f o c a l  p o in t  f o r  the  s p r e a d  of a t t e n t i o n  to the  
s u r r o u n d i n g  i t e m s .
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T h e s e  c o n d i t i o n s  shou ld  th u s  f a c i l i t a t e  the  b e n e f i t s  a c c r u e d  by- 
t r a c e  d u r a t i o n  an d  sh o u ld  l e a d  to a n  e n h a n c e m e n t  in  the  r e c a l l  of 
r e p e a t e d  i t e m s  p r e s e n t e d  in a d j a c e n t  p o s i t i o n s  an d  a l s o  l e a d  to 
a n  e x t e n s i o n  of  th e  r e p e t i t i o n  e f f e c t  o v e r  m o r e  i n t e r v e n i n g  i t e m s .
M E T H O D
In o r d e r  to t e s t  w h e t h e r  the  v a r i a b l e  of p r e s e n t a t i o n  
m e t h o d  would  h a v e  any  e f f e c t s  on th e  r e s u l t s  o b t a in e d  in  E x p e r i m e n t  
1, it  w a s  d e c i d e d  to r e p l i c a t e  the  e x p e r i m e n t  u s in g  the  s i m u l t a n e o u s  
p r e s e n t a t i o n  m e t h o d .  Of g r e a t e r  i n t e r e s t  w a s  the  q u e s t i o n  
r e g a r d i n g  the m a n n e r  in  w h ic h  n o i s e  m i g h t  p o s s i b l y  i n t e r a c t  w i th  
th e  f a c t o r  of p r e s e n t a t i o n  m e th o d ,  p a r t i c u l a r l y  in v ie w  of f in d in g s  
w h ic h  show  th a t  n o i s e  i n c r e a s e s  a t t e n t i o n a l  s e l e c t i v i t y  (H ockey  
a n d  H a m i l t o n ,  1970;  H a m i l to n ,  H o ck ey  and  Quinn,  1972; D a v ie s  
a n d  J o n e s , 1975) by f o c u s in g  a t t e n t i o n  on d o m i n a n t  s o u r c e s  of 
i n f o r m a t i o n .
S ince  the  s i m u l t a n e o u s  m e t h o d  w as  u s e d  f o r  
p r e s e n t i n g  i t e m s  on  t h i s  o c c a s i o n ,  e a c h  s e v e n  i t e m  l i s t  w a s  
d i s p l a y e d  f o r  a  t o t a l  of 3. 5s ( th is  be in g  the  s u m  of the  p r e s e n t a t i o n  
t i m e s  f o r  e a c h  7 i t e m  s e q u e n c e  u s e d  in  E x p e r i m e n t  l ) .
S u b je c t s
A g a in  20 s u b j e c t s  f r o m  a l l  d e p a r t m e n t s  in  B e d f o r d  
C o l l e g e  v o l u n t e e r e d  to  p a r t i c i p a t e  in  the  e x p e r i m e n t .  None of the  
s u b j e c t s  h a d  p a r t i c i p a t e d  in E x p e r i m e n t  1.
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T a b l e  2. 1
Mean overall recall per list (Max. Score 3.0 given three 
repetitions per condition) for all conditions in Experiment 2.
N o i s e  L e v e l 65 dBC 85 dBC
C on te x t NC C NC C
C r i t i c a l  l e t t e r  
p a i r s A c o u s t i c a l l y  d i s s i m i l a r  s e t
R e p e a t e d
L a g  0 2 . 6 2 9  2 . 5 1 4 2 . 4 5 7 2 . 4 5 7
L a g  2 2 .4 7 1  2 .0 0 0 2. 229 1. 829
N o n r e p e a t e d
L a g  0 2 . 4 2 9  1 .9 8 6 2. 171 1. 957
L a g  2 2 . 6 4 3  2 . 0 1 4 2 . 3 4 3 1. 814
A c o u s t i c a l l y  s i m i l a r  s e t
R e p e a t e d
L a g  0 2. 100 2. 643 2. 014 2. 614
L a g  2 1 .971 1 .8 5 7 2. 371 2. 200
N o n r e p e a t e d
L a g  0 1 .6 8 6 2. 214 1 .8 4 3 2 . 0 1 4
L a g  2 1 .9 2 9 2 .3 2 9 1 .7 5 7 2. 200
R E S U L T S
T a b l e  2. 1 sh o w s  the  m e a n  n u m b e r  of  l e t t e r s  r e c a l l e d  
u n d e r  a l l  th e  c o n d i t io n s  in  t h i s  e x p e r i m e n t .  T h e  r e s u l t s  of an  
ANOVA on th e  d a t a  sh o w e d  s ig n i f i c a n t  m a i n  e f f e c t s  due to:  N a t u r e  of  
t h e  c r i t i c a l  p a i r -  r e p e a t e d  o r  n o n - r e p e a t e d  (F= 1 3 .5 8 7 ,  d. f . 1, 18,
P  < 0 . 0 1 ) ;  L e t t e r  s e t  of  c r i t i c a l  p a i r - a c o u s t i c a l l y  s i m i l a r  o r  
d i s s i m i l a r  (F= 1 2 . 4 6 ,  d . f .  1 , 1 8 ,  P  < 0 . 0 1 )  an d  s e r i a l  p o s i t i o n  
( F = 5 4 . 4 3 ,  d . f .  6 , 1 0 8 ,  P <  0 .0 0 1 ) .  D i r e c t i o n  of e f f e c t s  s h o w e d  t h a t  
l i s t s  c o n t a i n i n g  r e p e a t e d  i t e m s  w e r e  b e t t e r  r e c a l l e d  a s  w e r e  l i s t s
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c o n t a in in g  a c o u s t i c a l l y  d i s s i m i l a r  i t e m s ,  in  c o m p a r i s o n  to l i s t s  
c o n t a in in g  non  - r  epe a te  d i t e m s  o r  a c o u s t i c a l l y  s i m i l a r  i t e m s .  A 
n o r m a l  s e r i a l  p o s i t i o n  e f f ec t  w a s  o b s e r v e d .  In a d d i t io n  t h e r e  w e r e  
m a n y  s i g n i f i c a n t  i n t e r a c t i o n s  an d  a t a b l e  s u m m a r i z i n g  t h e s e  c a n  
be found  in the  a p pend ix .  In g e n e r a l  the  e f f e c t s  o b s e r v e d  h e r e  
w e r e  s i m i l a r  to t h o s e  o b s e r v e d  in  E x p e r i m e n t  1, bu t  a d e t a i l e d  
s e a r c h  t h r o u g h  th e  s ig n i f i c a n t  i n t e r a c t i o n s  sh o w e d  a  n o ta b le  
e x c e p t i o n  in  t h a t  n o i s e  did no t  o c c u r  a s  a  f a c t o r  in  an y  of t h e m .
In o r d e r  to c o m p a r e  o v e r a l l  p e r f o r m a n c e  a s  o b s e r v e d  
in  E x p e r i m e n t  1 w i th  t h a t  o b s e r v e d  h e r e ,  a  f u r t h e r  ANOVA w a s  
c a r r i e d  out  on the  d a t a  f r o m  the  two e x p e r i m e n t s ,  w h ic h  i n c lu d e d  
E x p e r i m e n t  a s  a n  a d d i t i o n a l  b e t w e e n - s u b j e c t s  v a r i a b l e .  T he  
r e s u l t s  of th i s  a n a l y s i s  sh o w e d  th a t  o v e r a l l  p e r f o r m a n c e  w a s  
h i g h e r  in  E x p e r i m e n t  2 (F =9. 87, d . f .  1 ,36 ,  P <  0 . 0 1 )  b y  ab o u t  13%, 
t h i s  e f f e c t  w a s  th e  s a m e  r e g a r d l e s s  of  w h e t h e r  th e  l i s t s  c o n t a i n e d  
o r  d id  n o t  c o n t a in  r e p e t i t i o n s .  F u r t h e r m o r e  a n  i n t e r a c t i o n  of 
N o i s e  X L e t t e r  s e t  of c r i t i c a l  i t e m s  X Con tex t  (F = , 9 . 4 5 ,  d . f .  1 ,3 6 ,
P  < 0 . 0 1 )  a l s o  r e a c h e d  s ig n i f i c a n c e  an d  s h o w e d  th a t  t h e r e  w as  a 
g e n e r a l  i m p r o v e m e n t  i n  the  r e c a l l  of a c o u s t i c a l l y  s i m i l a r  i t e m s  
p r e s e n t e d  in  a n o n - c o n t r a  s t ing  co n tex t  d u r in g  the  lo u d  n o i s e  
c o n d i t i o n s ,  in c o m p a r i s o n  to an  i m p a i r m e n t  in  n o i s e  in  a l l  o t h e r  
c o n d i t i o n s .  H o w e v e r ,  in  v ie w  of a  f o u r - w a y  i n t e r a c t i o n  of E x p e r i m e n t  
X N o i s e  X L e t t e r  s e t  of c r i t i c a l  i t e m s  X C on tex t  (F= 2 . 7 5 ,  d . f .  1 ,3 6 ,  
P =  0. 1) w h ic h  j u s t  f a i l e d  to r e a c h  s i g n i f i c a n c e ,  i t  i s  p r o b a b l e  t h a t  
th e  t h r e e - w a y  i n t e r a c t i o n  m e n t i o n e d  a b o v e  i s  m o r e  l i k e l y  to be  
r e p r e s e n t a t i v e  of the  d a t a  c o n t a in e d  in  E x p e r i m e n t  1 r a t h e r  t h a n
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t h o s e  of  E x p e r i m e n t  2. No o t h e r  N o i s e  X E x p e r i m e n t  i n t e r a c t i o n s  
r e a c h e d  s ig n i f i c a n c e .
R e c a l l  o f  b o t h  l e t t e r s  o f  t h e  c r i t i c a l  p a i r .
All  e f f e c t s  a c h ie v in g  s ig n i f i c a n c e  on the  ANOVA a r e  
sh o w n  in  T a b l e  2. 2. F r o m  th i s  i t  i s  e v id e n t  t h a t  a p a r t  f r o m  th e  
l a c k  of any  i n t e r a c t i o n s  w i th  the  f a c t o r  of  N o i s e ,  the  p a t t e r n  of 
r e s u l t s  o b ta in e d  i s  i d e n t i c a l  to th a t  o b s e r v e d  in  E x p e r i m e n t  1, 
u s in g  s u c c e s s i v e  p r e s e n t a t i o n .
R e c a l l  of  a t  l e a s t  one l e t t e r  of the  c r i t i c a l  p a i r .
T a b l e  2. 3 s u m m a r i z e s  the  s ig n i f i c a n t  e f f e c t s  f o r  
r e c a l l  of  a t  l e a s t  one c r i t i c a l  l e t t e r .  As  found in  E x p e r i m e n t  1 
th e  r e s u l t s  show  th a t  th e  s t i m u l u s  p r o p e r t i e s  an d  p r e s e n t a t i o n  
c o n d i t i o n s  t h a t  a f f e c t  r e c a l l  of c r i t i c a l  l e t t e r s  a s  a  p a i r  a l s o  
a f f e c t  r e c a l l  of  in d iv id u a l  c r i t i c a l  l e t t e r s .  A g a in  th i s  r e s u l t  
c o n t r a d i c t s  t h a t  of L e e  (1976,  b) and  s u g g e s t s  t h a t  the  s i t u a t i o n  
o c c u r r i n g  in t h i s  e x p e r i m e n t  c a n  be  e x p l a in e d  s i m p l y  in  t e r m s  
of r e c a l l  b e in g  a f f e c t e d  by d i f f e r e n t i a l  a t t e n t i o n  b e in g  a l l o c a t e d  
to  i t e m s  w h ic h  s t a n d  out  f r o m  t h e i r  b a c k g r o u n d .  It w i l l  be n o te d  t h a t  
w h e n  r e c a l l  of  a t  l e a s t  1 c r i t i c a l  l e t t e r  i s  s c o r e d ,  in  a d d i t io n  to the  
i n t e r a c t i o n s  o b s e r v e d  w h en  s c o r i n g  r e c a l l  f o r  b o th  l e t t e r s  of a  
c r i t i c a l  p a i r  t h a t  the  fo l low ing  two i n t e r a c t i o n s  a l s o  r e a c h e d  
s i g n i f i c a n c e .  F i r s t  of t h e s e  w as  the  i n t e r a c t i o n  of R e p e t i t i o n  X 
C on te x t  (F= 8. 277, d . f .  1 ,1 8 ,  P <  0 .0 2 5 ) .  T h e  s e c o n d  w a s  the  
t h r e e - w a y  i n t e r a c t i o n  b e t w e e n  R e p e t i t i o n ,  C on te x t  an d  L a g  (F =
8 . 9 1 8 ,  d . f .  1 , 1 8 ,  P <  0 . 0 1 ) .  T h i s  sh o w e d  th a t  t h e r e  w a s  a
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T a b le  2. 2
A  S u m m a r y  of the  s ig n i f i c a n t  e f f e c t s  o b s e r v e d  on an  ANOVA of 
the  r e c a l l  of b o th  l e t t e r s  of the  c r i t i c a l  p a i r .
1. L e t t e r  s e t  of c r i t i c a l  p a i r  F=25 .  462,  d . f .  1 ,1 8 ,  P <  0 .0 0 1
2. N a t u r e  of c r i t i c a l  p a i r  (R epe t i t ion )  F=22 .  639,  d . f .  1, 18, P <  0. 001
3. L a g  F = 3 5 . 4 7 5 ,  d . f .  1 ,1 8 ,  P <  0 . 0 0 1
4. R e p e t i t i o n  X L ag  F =  8 . 2 1 9 ,  d . f .  1 ,1 8 ,  P  < 0. 025
5. L e t t e r  s e t  of c r i t i c a l  p a i r  X C on tex t  F= 7 . 8 3 5 ,  d . f .  1 ,1 8 ,  P  < 0. 025
T a b l e  2. 3
A s u m m a r y  of th e  s i g n i f i c a n t  e f f e c t s  o b s e r v e d  on an  ANOVA of 
a t  l e a s t  one l e t t e r  of  the  c r i t i c a l  p a i r
1. L e t t e r  s e t  of c r i t i c a l  p a i r F=28 .  768, d . f .  1 18, P < 0 . 0 0 1
2. N a t u r e  of c r i t i c a l  p a i r  (R epe t i t ion ) F  = 12. 340, d . f .  1 18, P <0.  01
3. L a g F  = 10. 133, d . f .  1 18, P <0.  01
4. Con tex t F =  5. 874, d . f .  1 18, P <0.  05
5. R e p e t i t i o n  X L ag F =  6 . 7 9 2 , d . f .  1 18, P <0.  025
6. L e t t e r  s e t  of c r i t i c a l  p a i r X C o n t e x t F =  7 . 4 3 3 , d . f .  1 18, P <0.  025
7. R e p e t i t i o n  X C on tex t F= 8. 277, d . f .  1 18, P <0 .  025
8. R e p e t i t i o n  X L ag  X Contex t F=  8 .9 1 8 , d . f .  1 18, P <0.  01
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m a r k e d  i m p r o v e m e n t  f o r  r e p e a t e d  i t e m s ,  a t  L a g  0, p r e s e n t e d  in 
a c o n t r a s t i n g  c o n te x t  w h i le  i t e m s  in  a l l  t h r e e  of  the  o t h e r  
c o n d i t i o n s  s h o w e d  e i t h e r  a  s l ig h t  i m p a i r m e n t  o r  a  s l ig h t  i m p r o v e m e n t ,  
T h i s  a g a i n  s u p p o r t s  e a r l i e r  f ind ings  th a t  i t e m s  w h ic h  w e r e  
d i s t i n g u i s h a b l e  f r o m  t h e i r  b a c k g r o u n d  a r e  b e t t e r  r e c a l l e d .
DISCUSSION
It w a s  shown th a t  w hen  l i s t  i t e m s  a r e  p r e s e n t e d  u s in g  
a m e t h o d  of  s i m u l t a n e o u s  p r e s e n t a t i o n  m e t h o d ,  o v e r a l l  r e c a l l  i s  
h i g h e r  t h a n  by the  m e t h o d  of s u c c e s s i v e  p r e s e n t a t i o n .  With  r e g a r d  
to th e  q u e s t i o n  of w h e t h e r  p r e s e n t a t i o n  m e t h o d  c h a n g e s  r e c a l l  of 
p a i r s  of i t e m s  th a t  a r e  r e p e t i t i o n s  in  a  co n tex t  of once  p r e s e n t e d  
l e t t e r s ,  o r  p a i r s  t h a t  a r e  m e m b e r s  of an  a c o u s t i c a l  s e t  t h a t  
c o n t r a s t s  w i th  the  r e s t  of the  s e q u e n c e ,  no d i f f e r e n c e s  w e r e  
o b s e r v e d  f r o m  the  r e s u l t s  o b ta in e d  in E x p e r i m e n t  1. R e s u l t s  
o b t a i n e d  f r o m  s c o r i n g  r e c a l l  of at  l e a s t  1 l e t t e r  of a  c r i t i c a l  p a i r  
s h o w e d  th a t  th e  f a c t o r s  of r e p e t i t i o n ,  l e t t e r  s e t  of c r i t i c a l  i t e m  
a n d  c o n t e x t  p l a y e d  j u s t  a s  c r u c i a l  a  r o l e  a s  t h e y  d id  w hen  r e c a l l  
of b o th  l e t t e r s  of a  c r i t i c a l  p a i r  w a s  a n a l y s e d .  T h e s e  r e s u l t s  a r e  
t h e r e f o r e  i d e n t i c a l  to t h o s e  o b s e r v e d  in  E x p e r i m e n t  1 and  a s  such ,  
c o n f i r m  th e  i n t e r p r e t a t i o n  b a s e d  in  t e r m s  of the  Von R e s t o r f f  e f f ec t .
H o w e v e r  the  m o s t  i n t e r e s t i n g  r e s u l t  (o r  n o n - r e s u l t )  
to e m e r g e  f r o m  th i s  e x p e r i m e n t  w a s  the  g e n e r a l  a b s e n c e  of  th e  
e f f e c t s  of  lo u d  n o i s e  on r e c a l l  a s  o b s e r v e d  in  E x p e r i m e n t  1. T h i s  
l a c k  of  a n  e f f e c t  of n o i s e  canno t  be e x p l a in e d  in  t e r m s  of r e c a l l  
r e a c h i n g  a c e i l i n g  w h e n  s i m u l t a n e o u s  p r e s e n t a t i o n  i s  u s e d  b e c a u s e
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p e r c e n t a g e  r e c a l l  o v e r  the  whole  l i s t  w a s  72%, c o m p a r e d  to 50% 
w h en  th e  s u c c e s s i v e  p r e s e n t a t i o n  m e t h o d  w a s  u s e d ,  w h ich  t h e r e f o r e  
s t i l l  l e a v e s  en o u g h  r o o m  f o r  i m p r o v e m e n t  o r  i m p a i r m e n t  to  o c c u r .  
W hat w a s  e v e n  m o r e  s u r p r i s i n g  w a s  the  t o t a l  l a c k  of an  i n t e r a c t i o n  
of N o i s e  and  ty p e  of s t i m u l i  ( a c o u s t i c a l l y  s i m i l a r  o r  d i s s i m i l a r ) ,  
p a r t i c u l a r l y  in  v ie w  of p r e v i o u s  c o n s i s t e n t  f in d in g s  show ing  th a t  
n o i s e  i m p r o v e s  p e r f o r m a n c e  of a c o u s t i c a l l y  s i m i l a r  i t e m s .  T h i s  
p a t t e r n  of f in d in g s  th u s  s u g g e s t s  t h a t  the  e f f e c t s  of n o i s e  a r e  in  s o m e  
w ay  c o n n e c t e d  w i th  the  p r o c e s s e s  w h ich  o p e r a t e  a t  th e  e n co d in g  o r  
o r g a n i z a t i o n a l  s t a g e s  of i n f o r m a t i o n  p r o c e s s i n g .
M a c k w o r t h  (1963) n o te d  t h a t  r e a d i n g  r a t e  f o r  l e t t e r s  
i s  3. 0 l e t t e r s  p e r  s e c o n d .  With th i s  e s t i m a t e  in  m i n d  i t  c a n  be  
a s s u m e d  th a t  d u r in g  th e  s i m u l t a n e o u s  p r e s e n t a t i o n  co n d i t io n s  
t h e r e  i s  e n o u g h  t i m e  a v a i l a b l e  f o r  m o r e  t h a n  one r e a d i n g  p e r  i t e m ;  
t h i s  w ou ld  not  be p o s s i b l e  in  s u c c e s s i v e  p r e s e n t a t i o n  c o n d i t io n s  
w h e r e  th e  n e x t  i t e m  i s  no t  a v a i l a b l e  f o r  r e a d i n g  u n t i l  p r e s e n t a t i o n  
t i m e  f o r  the  i t e m  c u r r e n t l y  on d i s p l a y  h a s  e l a p s e d .  A s s u m i n g  th a t  
r a t e  of r e h e a r s a l  i s  r e l a t e d  to r a t e  of r e a d i n g  (an a s s u m p t i o n  a l s o  
m a d e  by  B a d d e l e y ,  T h o m s o n  and  B u c h a n n a n ,  1975) i t  i s  s u g g e s t e d  
t h a t  n o i s e  e f f e c t s  m a y  be r e s t r i c t e d  to  w h e r e  the  n e e d  f o r  r e h e a r s a l  i s  
m a x i m i z e d ,  i n  w h ic h  c a s e  t h o s e  m a y  w e l l  be  the  ty p e  of  c o n d i t io n s  
u n d e r  w h ic h  a  p h o n o lo g i c a l  r e p r e s e n t a t i o n  of  the  i t e m s  to  be 
r e m e m b e r e d  i s  n e c e s s a r y  f o r  g e n e r a t i n g  a r e h e a r s a l  r e s p o n s e .
It i s  t h e r e f o r e  s u g g e s t e d  th a t  t h e  f a i l u r e  to o b s e r v e  any  n o i s e  
e f f e c t s  in  E x p e r i m e n t  2 cou ld  w e l l  be a t t r i b u t e d  to  t h e r e  be in g  
m o r e  t i m e  a v a i l a b l e  to p r o c e s s  i t e m s  in  a  m a n n e r  w h ich  d o e s  no t  
r e l y  on r e h e a r s a l .  F u r t h e r m o r e  i t  h a s  b e e n  s u g g e s t e d  by C h a s e
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(1977)  t h a t  r e h e a r s a l  r a t e  f o r  a c o u s t i c a l l y  con fus  ab le  i t e m s  i s  
upto  25% s l o w e r  t h a n  th a t  fo r  n o n - confus  ab le  i t e m s ,  th u s  im p ly in g  
th a t  r e c a l l  f o r  t h e s e  i t e m s  w i l l  be p o o r e r  w hen  r e s t r i c t i o n s  a r e  
p l a c e d  on  th e  t i m e  a v a i l a b l e  f o r  t h e i r  r e h e a r s a l .  H o w e v e r  i t  i s  
the  r e c a l l  p e r f o r m a n c e  of t h e s e  p a r t i c u l a r  i t e m s  w h ich  i m p r o v e s  
in  n o i s e ,  r e l a t i v e  to the  q u ie t  c o n d i t io n s ,  u s in g  a s u c c e s s i v e  
p r e s e n t a t i o n  m e t h o d .  Why th i s  shou ld  be w i l l  be  e x a m i n e d  in  
m o r e  d e t a i l  in  l a t e r  e x p e r i m e n t s  p r e s e n t e d  in  t h i s  t h e s i s .
3 . 3  E X P E R I M E N T  3
I n t r o d u c t io n
The  r e s u l t s  of the  l a s t  two e x p e r i m e n t s  sh o w e d  
t h a t  the  m e t h o d  of p r e s e n t a t i o n  of i t e m s  w as  one of the  m o s t  
c r u c i a l  v a r i a b l e s  in f lu en c in g  the  n a t u r e  of n o i s e  e f f e c t s  on 
s e r i a l  o r d e r  r e c a l l .  A c o n s i d e r a t i o n  of the  p r o c e s s e s  
u n d e r l y i n g  s e r i a l  o r d e r  r e c a l l  r e v e a l s  th a t  r e h e a r s a l  i s  th e  m o s t  
f r e q u e n t l y  u s e d  s t r a t e g y  f o r  m a i n t a i n i n g  i n f o r m a t i o n  in s h o r t  
t e r m  m e m o r y .  A s  w a s  d i s c u s s e d  in  C h a p t e r  2, t h e r e  a r e  
d i f f e r e n c e s  in the  o p p o r tu n i ty  f o r  r e h e a r s a l  w hen  d i f f e r e n t  
m e t h o d s  of s t i m u l u s  p r e s e n t a t i o n  a r e  u s e d .  The  o p p o r tu n i ty ,  
a n d  p o s s i b l y  th e  r a t e  of r e h e a r s a l ,  u s in g  a m e t h o d  w h e r e  a l l  the  
t o - b e - r e m e m b e r e d  l e t t e r s  a r e  p r e s e n t e d  s i m u l t a n e o u s l y  a r e  
o b v io u s ly  g r e a t e r  t h a n  w hen  a l l  the  i t e m s  a r e  p r e s e n t e d  
s u c c e s s i v e l y .  H o w e v e r  a s  p o in t e d  out  by  Chi (1976),  i t  i s  
i m p o r t a n t  to r e m e m b e r  th a t  r e h e a r s a l  i s  a  t i m e  d e p e n d e n t  
p r o c e s s  a n d  t h a t  s u b j e c t s  m a y  e n g a g e  in r e h e a r s a l  on ly  if t h e r e
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i s  t i m e  l e f t  b e t w e e n  s t i m u l u s  p r e s e n t a t i o n s .  T h i s  wou ld  s u g g e s t  
t h a t  i f  s t i m u l i  a r e  be ing  p r e s e n t e d  s u c c e s s i v e l y  a t  a  f a s t ,  a s  
o p p o s e d  to a  s lo w  r a t e  of p r e s e n t a t i o n ,  t h e r e  w ou ld  be  l e s s  
o p p o r t u n i t y  f o r  r e h e a r s a l .  If, in  a dd i t ion ,  we a l s o  a s s u m e  th a t  
i n f o r m a t i o n  p r e s e n t e d  in the v i s u a l  m o d a l i t y  i s  t r a n s f o r m e d  in to  
s o m e  ty p e  of p h o n o lo g ic a l  r e p r e s e n t a t i o n ,  i t  c o u ld  t r a n s p i r e  t h a t  
a t  a  r a t e  of  p r e s e n t a t i o n  w h ic h  i s  f a s t  enough  to p r e c l u d e  r e h e a r s a l ,  
the  a v a i l a b i l i t y  of a  p h o n o lo g ic a l  code  i s  u n l i k e ly  o r  w i l l  be  r e s t r i c t e d .  
H o w e v e r  p r o v i s i o n  of a  s i z e a b l e  d e l a y  p r i o r  to r e c a l l  co u ld  
p r o v i d e  the  n e c e s s a r y  t i m e  f o r  the  c o n s t r u c t i o n  o r  e n h a n c e m e n t  
of a  p h o n o lo g ic a l  code  ( E s t e s ,  1973).
By d e s ig n in g  an  e x p e r i m e n t  w h ich  m a n i p u l a t e d  th e  
v a r i a b l e  of p r e s e n t a t i o n  r a t e  an d  d e l a y  p r i o r  to r e c a l l ,  i t  i s  
h o p e d  t h a t  i t  w ou ld  be  p o s s i b l e  to p in p o in t  the  p r o c e s s  on  w h ic h  
t h e  e f f e c t s  of n o i s e  o p e r a t e .  The  p r e d i c t i o n s  wou ld  be  t h a t  i f 
n o i s e  e f f e c t s  a r e  o b s e r v e d  w hen  th e  o p p o r tu n i ty  f o r  r e h e a r s a l  i s  
l i m i t e d ,  i .  e.  a t  v e r y  f a s t  r a t e s  of p r e s e n t a t i o n ,  t h i s  would  
s u g g e s t  t h a t  n o i s e  a f f e c t s  the  s t a g e  a t  w h ich  i n f o r m a t i o n  i s  
inpu t  in to  th e  s y s t e m . . I f ,  on the o t h e r  hand,  n o i s e  e f f e c t s  o c c u r  
o n ly  a t  s l o w e r  r a t e s  an d  in  c o n d i t io n s  w h e r e  t h e r e  i s  a  d e l a y  
p r i o r  to r e c a l l ,  t h i s  w ou ld  s u g g e s t  t h a t  n o i s e  a f f e c t s  the  s t a g e  
a t  w h ic h  i n f o r m a t i o n  i s  t r a n s f o r m e d  f r o m  a v i s u a l  r e p r e s e n t a t i o n  
in  w h ic h  i t  i s  f i r s t  e n c o u n t e r e d  to a  p h o n o lo g i c a l  o r  a r t i c u l a t o r y  
r e p r e s e n t a t i o n ,  w h ic h  i s  u s e d  to  r e h e a r s e  a n d  m a i n t a i n  th e  
i n f o r m a t i o n  in  s h o r t  t e r m  m e m o r y .
In the  n e x t  e x p e r i m e n t  to  be  d e s c r i b e d ,  in  a d d i t i o n
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to  m a n i p u l a t i n g  r a t e  of p r e s e n t a t i o n  in  o r d e r  to in f lu e n c e  
o p p o r t u n i t y  f o r  r e h e a r s a l ,  a c o u s t i c  s i m i l a r i t y  of the i t e m s  t o - b e -  
r e m e m b e r e d  w as  a l s o  v a r i e d .  A c c o r d i n g  to B a d d e l e y  an d  H i tc h  
( 1974), the  w o rk in g  m e m o r y  m o d e l  a t t r i b u t e s  the  p h o n e m ic  
s i m i l a r i t y  e f fec t  to u t i l i z a t i o n  of t h e  a r t i c u l a t o r y  loop .  T h e r e f o r e ,  
w h e n  u s e  of th e  a r t i c u l a t o r y  loop  i s  r e s t r i c t e d  t h r o u g h  the  u s e  of 
s u p p r e s s i o n ,  the p h o n e m ic  s i m i l a r i t y  e f f ec t  d i s a p p e a r s .  On the 
o t h e r  hand ,  M u r r a y  (1965,  I 9 6 6 , and  1967) h a s  show n  th a t  
a r t i c u l a t i n g  a lo u d  d u r in g  i t e m  p r e s e n t a t i o n  o r  d u r in g  r e h e a r s a l  
p a r t i c u l a r l y  i m p a i r s  r e t e n t i o n  of a c o u s t i c a l l y  s i m i l a r  i t e m s .  
W ild ing  and  M o h i n d r a  (1980,  E x p e r i m e n t  2) hav e  q u a l i f i e d  t h i s  
r e s u l t  by  showing  th a t  the  h a r m f u l  e f f e c t s  of a r t i c u l a t i o n  f o r  
a c o u s t i c a l l y  s i m i l a r  i t e m s  a r e  m o r e  m a r k e d  a t  a  s lo w  r a t e  of 
p r e s e n t a t i o n  (2s p e r  i t e m  a s  c o m p a r e d  to  ^ s  p e r  i t e m ) .  At th e  
f a s t  r a t e  of p r e s e n t a t i o n  a r t i c u l a t i n g  i t e m s  a lo u d  d u r in g  
p r e s e n t a t i o n  a c t u a l l y  i m p r o v e d  p e r f o r m a n c e  of a c o u s t i c a l l y  
s i m i l a r  i t e m s ,  r e l a t i v e  to t h e i r  p e r f o r m a n c e  in  n o n - a r t i c u l a t i n g  
c o n d i t i o n s .  E x p o s u r e  to  85 dBC,  i n s t e a d  of 65 d B C  w h i te  n o i s e ,  
a l s o  b e n e f i t t e d  r e c a l l  of a c o u s t i c a l l y  s i m i l a r  i t e m s  bu t  f a i l e d  to 
s h o w  a s ig n i f i c a n t  e f f e c t  of  n o i s e  w hen  a d d e d  to a r t i c u l a t i o n .
On th e  w ho le  the  f ind ings  of Wi ld ing and  M o h in d r a  sh o w e d  th a t  
th e  m a i n  d i f f e r e n c e  b e t w e e n  the e f f e c t s  of n o i s e  an d  a r t i c u l a t i o n  
in  t h e i r  i n t e r a c t i o n  w i th  the  a c o u s t i c  s i m i l a r i t y  e f f e c t  w a s  t h a t  
n o i s e  i m p r o v e d  p e r f o r m a n c e  on the  r e c a l l  of a c o u s t i c a l l y  s i m i l a r  
i t e m s  w h i le  a r t i c u l a t i o n  i m p a i r e d  i t ,  bu t  on ly  a t  th e  s low  r a t e  of 
p r e s e n t a t i o n .
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P r e s e n t a t i o n  of i t e m s  at  a  r a t e  w h ic h  w ould  p r e c l u d e  
a r t i c u l a t i o n  d u r in g  i t e m  p r e s e n t a t i o n  w as  th u s  c o m p a r e d  to c o n d i t io n s  
w h e r e  i t e m s  w e r e  p r e s e n t e d  m o r e  s lowly .  A ls o  in  s o m e  t r i a l s  a  
d e l a y  fo l lo w in g  the  p r e s e n t a t i o n  of the  l i s t  w a s  a l low ed ,  in  th e  hope  
t h a t  the  r e m a i n i n g  v i s u a l  t r a c e  cou ld  be c o n v e r t e d  to a n  a r t i c u l a t e d  
f o r m .
M ETH O D
S u b je c t s
T w e n ty  s u b j e c t s ,  t e n  in  e a c h  n o i s e  cond i t ion ,  to o k  
p a r t  in  the  e x p e r i m e n t .  T h e y  w e r e  s tu d e n t s  a t t e n d in g  B e d f o r d  C o l l ege  
who h a d  p a r t i c i p a t e d  a p p r o x i m a t e l y  two w e e k s  p r i o r  to the  p r e s e n t  
s tudy ,  i n  s i m i l a r  e x p e r i m e n t s  r e p o r t e d  by Wilding an d  M o h in d r a  
(1980).  S u b je c t s  w e r e  th u s  h ig h ly  p r a c t i s e d  in doing th i s  ty p e  of 
t a s k .
D e s i g n  and  M a t e r i a l s
The  s t i m u l i  u s e d  in  t h i s  e x p e r i m e n t  w e r e  i d e n t i c a l  
to  t h o s e  u s e d  by  Wilding a n d  M o h in d r a  (1980, E x p e r i m e n t  2), the  
o n ly  d i f f e r e n c e  b e t w e e n  the  two e x p e r i m e n t s  be in g  the  r a t e  a t  w h ich  
i t e m s  w e r e  p r e s e n t e d  in  the  c u r r e n t  s tu dy .  H e r e  i t e m s  w e r e  
p r e s e n t e d  e i t h e r  a t  a  r a t e  of 6 i t e m s  p e r  s e c o n d  ( f a s t  r a t e )  o r  
a  r a t e  of 2 i t e m s  p e r  s e c o n d  ( s low  r a t e  h e r e  bu t  e q u i v a l e n t  to  th e  
f a s t  r a t e  in  th e  Wild ing  and  M o h in d r a  e x p e r i m e n t ) .  In o r d e r  to 
e n s u r e  t h a t  the  d i s p l a y  t i m e  p e r  i t e m  w as  c o m p a r a b l e  in  the  two 
p r e s e n t a t i o n  r a t e s ,  i t e m s  w e r e  a l w a y s  d i s p l a y e d  f o r  a  t o t a l  of
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1 /1 2  of a  s e c o n d  p e r  i t e m .  I n t e r  i t e m  i n t e r v a l s ,  d u r in g  w h ich  t i m e  
th e  d i s p l a y  s c r e e n  r e m a i n e d  b la n k  h o w e v e r  v a r i e d ;  f o r  the  f a s t  
r a t e s  of p r e s e n t a t i o n  a n  i n t e r v a l  of 1 /1 2  s w as  u s e d  w hile  f o r  the  
s lo w  p r e s e n t a t i o n  r a t e  an  i n t e r v a l  of 5 / 1 2  s w a s  u s e d .
P r o c e d u r e
The  p r o c e d u r e  w as  i d e n t i c a l  to  th a t  u s e d  by  Wild ing  
a n d  M o h i n d r a ,  w i th  i t e m s  be ing  p r e s e n t e d  on  the  s c r e e n  of a  CBM 
' P E T '  m i c r o c o m p u t e r .
F i v e  l e t t e r s  w e r e  p r e s e n t e d  in e a c h  c a s e .  T h e  
i n d e p e n d e n t  v a r i a b l e s  w e r e  n o i s e  l e v e l  (65 o r  85 dBC),  s u b j e c t s  
b e in g  r a n d o m l y  a s s i g n e d  to one o r  the  o t h e r  l e v e l ,  a r t i c u l a t i o n  
( a r t i c u l a t e  o r  d o n ' t  a r t i c u l a t e  d u r in g  p r e s e n t a t i o n  of i t e m s ) ,  
a c o u s t i c  c o n f u s a b i l i t y  ( a c o u s t i c a l l y  s i m i l a r  o r  d i s s i m i l a r  i t e m s ) ,  
r e c a l l  d e l a y  ( s h o r t  o r  long  t h e s e  be in g  l ^ s  o r  8 s r e s p e c t i v e l y ) ,  
a n d  r a t e  of p r e s e n t a t i o n  ( f a s t  o r  s low  a s  d e s c r i b e d  e a r l i e r ) .  
I n s t r u c t i o n s  w e r e  s i m i l a r  to t h o s e  p r e s e n t e d  in  E x p e r i m e n t  1 
a n d  s u b j e c t s  r e s p o n d e d  by typ ing  in  t h e  l e t t e r s  on th e  k e y b o a r d  
of th e  c o m p u t e r .
R E S U L T S
The  r e s u l t s  c o n s i s t e d  of the  p r o b a b i l i t y  of c o r r e c t  
r e s p o n s e  f o r  e a c h  of  th e  f ive  s e r i a l  p o s i t i o n s  in  th e  16 c o n d i t io n s  
g iv e n  to  e a c h  s u b je c t  ( a r t i c u l a t i o n  X d e l a y  X r a t e  of p r e s e n t a t i o n  
X a c o u s t i c  s i m i l a r i t y ) .  A sp l i t  p lo t  ANOVA w a s  c a r r i e d  ou t  on  
t h e  d a t a  w i th  a l l  e f f e c t s  be in g  t e s t e d  a g a i n s t  t h e i r  i n t e r a c t i o n  w i th  
s u b j e c t s  e x c e p t  in  the  c a s e  of e f f e c t s  invo lv ing  n o i s e  w h ich  w e r e
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t e s t e d  a g a i n s t  the  c o r r e s p o n d i n g  s u b j e c t s  - w i t h i n - n o i s e  t e r m .
M a in  e f f e c t s  of r a t e  of p r e s e n t a t i o n  (F= 28. 67, d . f .
1 , 1 8 ,  P <  0 . 0 0 1 ) ,  a c o u s t i c  s i m i l a r i t y  (F= 2 6 .5 2 ,  d . f .  1 ,1 8 ,  P <  0 . 0 0 1 ) ,  
a n d  s e r i a l  p o s i t i o n  (F= 70. 07,  d . f .  4, 72, P  < 0. 001) w e r e  a l l  
s i g n i f i c a n t .  P e r f o r m a n c e  w as  b e s t  a t  the  s low  r a t e  of p r e s e n t a t i o n  
c o m p a r e d  to the  f a s t ,  f o r  a c o u s t i c a l l y  d i s s i m i l a r  i t e m s  r a t h e r  
t h a n  f o r  th e  s i m i l a r  i t e m s  and  show e d  the  n o r m a l  s e r i a l  p o s i t i o n  
e f f e c t .  A s ig n i f i c a n t  i n t e r a c t i o n  of  R a t e  of p r e s e n t a t i o n  X A c o u s t i c  
s i m i l a r i t y  (F= 4. 3, d . f .  1 , 1 8 ,  P  < 0 . 0 5 ,  on a one t a i l e d  t e s t )  sh o w e d  
the  p r e d i c t e d  r e d u c t i o n  in the  p h o n e m i c  s i m i l a r i t y  e f f e c t  a t  the  f a s t  
r a t e  of p r e s e n t a t i o n .  T h u s  the  d i f f e r e n c e  in  r e c a l l  b e t w e e n  a c o u s t i c a l l y  
d i s s i m i l a r  a n d  s i m i l a r  i t e m s  w a s  m u c h  g r e a t e r  a t  the  s lo w  r a t e  
of p r e s e n t a t i o n  t h a n  a t  the  f a s t  r a t e .  T h i s  c o n f i r m s  the  h y p o t h e s i s  
t h a t  u s e  of a  p h o n e m i c  o r  a r t i c u l a t o r y  r e p r e s e n t a t i o n  w a s  r e d u c e d  
u n d e r  th e  f a s t  r a t e  of p r e s e n t a t i o n .
A l s o  s e v e r a l  i n t e r a c t i o n s  in c lu d in g  s e r i a l  p o s i t i o n  a s  
a  f a c t o r  r e a c h e d  s i g n i f i c a n c e .  T h e y  w e r e  a s  fo l l o w s ;  A r t i c u l a t i o n  
X P o s i t i o n  (F= 2. 64, d . f .  4 , 7 2 ,  P  < 0. 05); R a t e  of p r e s e n t a t i o n  X 
P o s i t i o n  (F= 5. 43, d . f .  4, 72, P < 0 . 0 1 ) ;  D e lay  X P o s i t i o n  (F= 3. 84,  
d . f .  4,  72, P  < 0. 01 ); A c o u s t i c  s i m i l a r i t y  X P o s i t i o n  (F= 10. 98,  d . f .
4, 72,  P  < 0. 001) an d  f i n a l ly  A r t i c u l a t i o n  X A c o u s t i c  s i m i l a r i t y  X 
P o s i t i o n  (F= 3. 86,  d . f .  4, 72, P < 0 . 0 1 ) .  T ak in g  e a c h  one in  t u r n  
t h e s e  e f f e c t s  c a n  be  d e s c r i b e d  a s  f o l l o w s :  A r t i c u l a t i o n  i m p r o v e d  
p e r f o r m a n c e  in  a l l  p o s i t i o n s  e x c e p t  th e  f i r s t ,  d e l a y  h a d  s i m i l a r  
e f f e c t s  w i th  p e r f o r m a n c e  be in g  b e t t e r  a t  l o n g e r  d e l a y s  and  
m a r k e d l y  so  f o r  the  l a s t  two s e r i a l  p o s i t i o n s .  The  e f f e c t s  of r a t e
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of p r e s e n t a t i o n  w e r e  a s  e x p e c t e d  w i th  the  s lo w e r  r a t e  i m p r o v i n g  
p e r f o r m a n c e  o v e r  a l l  s e r i a l  p o s i t i o n s  e x c e p t  th e  f i r s t .  F i n a l l y  
a c o u s t i c  s i m i l a r i t y  show ed  a  l a r g e  e f f e c t  w i th  d i s s i m i l a r  l e t t e r s  
be ing  r e c a l l e d  b e t t e r  tha n  s i m i l a r  l e t t e r s  in  a l l  s e r i a l  p o s i t i o n s ,  
th e  s i z e  of the  d i f f e r e n c e  i n c r e a s i n g  d i r e c t l y  w i th  p o s i t i o n .
F o r  the  A r t i c u l a t i o n  X A c o u s t i c  s i m i l a r i t y  X P o s i t i o n  
i n t e r a c t i o n  it  w a s  a p p a r e n t  t h a t  a r t i c u l a t i o n  h e l p e d  p e r f o r m a n c e  of 
b o th  ty p e s  of l i s t  bu t  th a t  i t s  g r e a t e s t  b e n e f i t  w a s  f o r  a c o u s t i c a l l y  
s i m i l a r  i t e m s  p r e s e n t e d  in  s e r i a l  p o s i t i o n s  4 an d  5. None of the 
f a c t o r s  m e n t i o n e d  so  f a r  e n t e r e d  in to  h i g h e r  o r d e r  i n t e r a c t i o n s  
o t h e r  t h a n  t h o s e  a l r e a d y  r e p o r t e d .
T u r n i n g  now  to a c o n s i d e r a t i o n  of the  e f f e c t s  of n o i s e  
i t  w a s  found  th a t  a l th o u g h  the m a i n  e f f e c t s  of n o i s e  w e r e  no t  
s i g n i f i c a n t ,  n o i s e  d id  e n t e r  in to  a s ig n i f i c a n t  i n t e r a c t i o n  w i th  
D e la y  a n d  P o s i t i o n .  (F= 2. 61, d . f .  4 , 7 2 ,  P  < 0. 05).  T h i s  i s  s how n  
in  F i g u r e  3 . 1 .  F r o m  look ing  a t  th i s  i n t e r a c t i o n  i t  i s  a p p a r e n t  
t h a t  the  s u p e r i o r  p e r f o r m a n c e  in  85 dBC n o i s e  i s  g r e a t e r  a t  th e  
l o n g e r  d e l a y s  a s  o p p o s e d  to wi th  the  s h o r t e r  d e l a y s  
f o r  l a t e r  s e r i a l  p o s i t i o n s  (p o s i t io n s  3, 4 an d  5). T h i s  r e s u l t  w a s  
i n t e r p r e t e d  a s  showing  th a t  : a  long d e l a y  a f t e r  s t i m u l u s  p r e s e n t a t i o n  
h e l p s  in  the  r e c a l l  of i t e m s  and  th a t  e x p o s u r e  to n o i s e  in  t h e s e  
c o n d i t i o n s  f u r t h e r  e n h a n c e s  p e r f o r m a n c e  p a r t i c u l a r l y  of l a t e r  
i t e m s .  It i s  f u r t h e r  s u g g e s t e d  th a t  s u b j e c t s  u s e  the  d e l a y  to 
p r o d u c e  a p h o n o lo g ic a l  r e p r e s e n t a t i o n ,  f r o m  the  r e s u l t a n t  
v i s u a l  t r a c e ,  and  on th e  b a s i s  of  t h i s  en g ag e  in  m a i n t e n a n c e  
r e h e a r s a l .  N o i s e  th u s  s e e m s  to  e n h an c e  t h i s  p r o c e s s  in  s o m e  w ay
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Figure 3.1 Mean number of items recalled in all
serial positions, under the two levels 
of noise, after long or short delays.
Table 3.( Mean number of items recalled per list (Max. score
3.0) in all conditions in Experiment 3.
Noise Level
Delay
Acoustic
Similarity
Articulation Rate
65dBC 
SHORT LONG
C NC C NC
85dBC 
SHORT LONG
C NC C NC
No Artie.
Artie.
Fast 1.50 1.90 1.44 2.14 1.84 2.06 1.56 2.36
Slow 1.86 2.52 2.08 2.78 2.02 2.80 2.30 2.86
Fast 1.60 2.08 1.84 2.14 1.82 1.96 2.00 2.24
Slow 2.14 2.70 2.10 2.66 2.14 2.82 1.92 2.90
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w i th  the  r e s u l t  t h a t  o v e r a l l  r e c a l l  i s  i m p r o v e d .
N o is e  did not  e n t e r  into i n t e r a c t i o n s  w i th  e i t h e r  
r a t e  of p r e s e n t a t i o n  o r  w i th  a c o u s t i c  s i m i l a r i t y .  A l though  i t  w a s  
p r e d i c t e d  t h a t  the  p h o n e m i c  s i m i l a r i t y  e f f ec t  wou ld  be  n e g l ig ib l e  
a t  the  f a s t  r a t e  of  p r e s e n t a t i o n ,  t h i s  d o e s  no t  e x p l a in  why no n o i s e  
e f f e c t s  w e r e  o b s e r v e d  on a c o u s t i c a l l y  s i m i l a r  i t e m s  a t  the  s low  
r a t e  of p r e s e n t a t i o n .  H o w e v e r  c l o s e r  a n a l y s i s  of th e  n o n ­
s ig n i f i c a n t  N o is e  X R a te  of p r e s e n t a t i o n  X A c o u s t i c  s i m i l a r i t y  
i n t e r a c t i o n  s h o w e d  th a t  f o r  the  a c o u s t i c a l l y  d i s s i m i l a r  i t e m s  a t  
l e a s t ,  p e r f o r m a n c e  w as  a l m o s t  at  c e i l in g  l e v e l s .  A l th o u g h  th i s  
w a s  no t  the c a s e  in  the f a s t  p r e s e n t a t i o n  c o n d i t io n s  i t  w a s  d e c i d e d  
t h a t  the  e x p e r i m e n t  s h o u ld  be r e p l i c a t e d  u s in g  a g r o u p  of n a i v e  
s u b j e c t s  i n s t e a d  of the  h igh ly  p r a c t i s e d  g r o u p  w h ich  h a d  b e e n  
u s e d  h e r e .  It w a s  f e l t  t h a t  p e r h a p s  a s  a  r e s u l t  of the  p r a c t i s e  
t h e s e  s u b j e c t s  m a y  have  d e v e l o p e d  a l t e r n a t i v e  s t r a t e g i e s  i n  o r d e r  
to  p e r f o r m  th e  t a s k .
3 . 4  - E X P E R I M E N T  4
M E T H O D
S u b je c t s
T w e n ty  s u b j e c t s ,  f r o m  v a r i o u s  d e p a r t m e n t s  at  
B e d f o r d  C o l l ege ,  v o l u n t e e r e d  to p a r t i c i p a t e  in  t h i s  e x p e r i m e n t .
None of t h e s e  s u b j e c t s  h a d  t a k e n  p a r t  in  any  of the  e x p e r i m e n t s  
r e p o r t e d  by  Wild ing a n d  M o h i n d r a  (1980) o r  in  an y  of  the  e x p e r i m e n t s  
r e p o r t e d  in  t h i s  t h e s i s  so f a r .
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D e s i g n  and  P r o c e d u r e
In a l l  r e s p e c t s ,  co n d i t io n s  in  th i s  e x p e r i m e n t  w e r e  
i d e n t i c a l  to t h o s e  in  E x p e r i m e n t  3.
R E S U L T S
An ANOVA w a s  c a r r i e d  out  on the  d a t a ,  a g a i n  in 
e x a c t l y  the  s a m e  m a n n e r  a s  d e s c r i b e d  in E x p e r i m e n t  3.
T a b l e  4. 1 show s  a c o m p a r i s o n  of the  e f f e c t s  w h ich  
r e a c h e d  s ig n i f i c a n c e  in  b o th  E x p e r i m e n t  3 an d  E x p e r i m e n t  4. Of 
the  m a i n  e f f e c t s ,  only  the e f f ec t  of A r t i c u l a t i o n  h a d  no t  p r e v i o u s l y  
b e e n  o b s e r v e d .  T h i s  show e d  th a t  a r t i c u l a t i o n  i m p r o v e d  p e r f o r m a n c e  
r e l a t i v e  to the  no - a r t i c u l a t i o n  co n d i t io n s  ; t h e  d i r e c t i o n  of the  o t h e r  
m a i n  e f f e c t s  w a s  a s  b e f o r e .  In a d d i t io n  to  the  a bove ,  f i r s t  o r d e r  
i n t e r a c t i o n s  of  R a te  of p r e s e n t a t i o n  X A c o u s t i c  s i m i l a r i t y  and  of 
A c o u s t i c  s i m i l a r i t y  X P o s i t i o n  w e r e  a l s o  s ig n i f i c a n t ,  an d  w e r e  a s  
h a d  p r e v i o u s l y  b e e n  o b s e r v e d .
Unlike the  s i t u a t i o n  in  E x p e r i m e n t  3, the  e f f e c t  of 
D e la y  X N o is e  (F= 4. 61,  d . f .  1, 18, P <  0. 05) r e a c h e d  s i g n i f i c a n c e  
in  the  p r e s e n t  e x p e r i m e n t .  T h i s  i n t e r a c t i o n  i s  shown in  F i g u r e  
4. 1. H e r e  i t  w a s  o b s e r v e d  th a t  n o i s e  h a d  a s l ig h t  e f f e c t  a t  s h o r t  c 
d e l a y s  an d  a  l a r g e r  e f f ec t  a t  long d e l a y s .  T h i s  c o m b i n a t i o n  of the  
lo u d  n o i s e  and  the  long  d e l a y  c o n d i t io n s  h a d  a l s o  y i e l d e d  the  b e s t  
p e r f o r m a n c e  in  E x p e r i m e n t  3, but  t h e r e ,  no i n t e r a c t i o n  h a d  b e e n  
o b s e r v e d  b e t w e e n  the  two f a c t o r s  s in c e  th e  l o n g e r  d e l a y  had  
i m p r o v e d  p e r f o r m a n c e  u n d e r  b o th  l e v e l s  of n o i s e .  T h i s  would  
s u g g e s t  t h a t  t h e  m o r e  s o p h i s t i c a t e d  s u b j e c t s  p a r t i c i p a t i n g  in 
E x p e r i m e n t  3 h a d  u t i l i z e d  the  d e l a y  i n t e r v a l  to t h e i r  a d v a n ta g e
95T a b le  4 . 1
S ig n i f i c a n t  e f f e c t s  o b s e r v e d  f r o m  a n  ANOVA of d a t a  o b t a in e d  in  
E x p e r i m e n t  3.
1. R a t e  of p r e s e n t a t i o n  (Rate) F=28 .  67, d . f .  1, 18, P < 0. 001
2. A c o u s t i c  s i m i l a r i t y  (Confus ion) F=26 .  52, d . f .  1, 18. P < 0. 001
3. S e r i a l  P o s i t i o n  (P o s i t io n ) F=70 .  07, d. f. 4, 72, P < 0 .0 0 1
4. R a t e  X Confus ion F=  4 . 3  , d . f .  1, 18, P < 0. 05
5. R a t e  X P o s i t i o n F =  5 .4 3 , d. f. 4 , 72, P < 0 . 0 1
6. A r t i c u l a t i o n  X P o s i t i o n F= 2 .6 4 , d . f . 4,72 , P < 0 . 0 5
7. D e l a y  X P o s i t i o n F= 3 . 8 4 , d. f. 4, 72, P < 0 .0 1
8. C o n fu s io n  X P o s i t i o n F  = 10. 98, d . f .  4, 72, P < 0 .0 0 1
9. A r t i c u l a t i o n  X Confus ion  X P o s i t i o n F= 3. 86, d . f .  4. 72, P < 0. 01
10. D e l a y  X P o s i t i o n  X N o is e F=  2 .6 1 , d . f .  4, 72, P < 0. 05
S ig n i f i c a n t  e f f e c t s  o b s e r v e d  f r o m an  ANOVA of d a t a  o b t a in e d  in
E x p e r i m e n t  4.
1. A r t i c u l a t i o n F=  7. 61, d . f .  1, 18, P  < 0 . 0 2 5
2. R a t e F=26.  86, d . f .  1, 18, P  < 0 . 0 0 1
3. C o n fu s io n F=101.  6, d . f .  1, 18, P  < 0 .0 0 1
4. P o s i t i o n F=66.  73, d . f .  4, 72, P  < 0. 001
5. R a t e  X Confus ion F= 9 . 3 3 , d . f .  1, 18, P  < 0 .0 1
6. R a t e  X P o s i t i o n F= 5. 20, d . f .  4, 72, P  < 0 .0 1
7. C o n fu s io n  X P o s i t i o n F=10 .  8 , d. f. 4,  72, P  < 0 .0 0 1
8. R a t e  X C o n fu s io n  X P o s i t i o n F =  2. 71, d . f . 4 , 7 2 , P < 0. 05
9. A r t i e .  X D e la y  X C onfus ion  X P o s t .  F=  3 . 2 6 , d . f . 4,  72, P < 0 . 0 2 5
10. D e la y  X N o is e F = 4. 61, d . f .  1, 18, P < 0. 05
11. A r t i e .  X R a t e  X C onfus ion  X N o i s e F  = 4 . 9 1 , d . f .  1, 18, P < 0 . 0 5
96
• o
CD
ao
CD
ûc:
CO
c
CD
O
O
o
CD
1
0
9
8
«  long 
a  s h o r t
7
6
65 dBC 85 dBC
F i g u r e  4 . 1 .
M e a n  n u m b e r  of i t e m s  r e c a l l e d  a f t e r  e i t h e r  long  (8s)  o r  
s h o r t  ( l i s )  d e l a y s  u n d e r  e a c h  l e v e l  of n o i s e .
Table 4.2, Mean number of Items recalled per list (Max. score
3.0) in all conditions in Experiment 4.
Noise Level
Delay
Acoustic
Similarity
65dBC 
SHORT LONG
: NC C NC
85dBC 
SHORT LONG
C NC C NC
Articulation Rate
Fast 1.32 1.84 1.24 1.86 1.52 1.82 1.46 1.90
Slow 1.60 2.38 1.56 2.26 1.62 2.74 1.60 2.44
Fast 1.46 2.10 1.62 1.74 1.40 1.84 1.80 2.14
Slow 1.44 2.64 1.46 2.54 2.00 2.50 2.02 2.86
No Artie.
Artie.
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i n  b o th  n o i s e  c o n d i t i o n s .  T h i s  w a s  c o n f i r m e d  to s o m e  e x t e n t  
b y  the  h i g h e r  l e v e l  of o v e r a l l  r e c a l l  o b s e r v e d  in  E x p e r i m e n t  3.
O t h e r  s ig n i f i c a n t  t w o - w a y  i n t e r a c t i o n s  i n c lu d e d  
t h o s e  of R a t e  of p r e s e n t a t i o n  X A c o u s t i c  s i m i l a r i t y  (F= 9. 3, d . f .
1 , 1 8 ,  P  < 0. 01); R a t e  of p r e s e n t a t i o n  X P o s i t i o n  (F= 5. 2, d . f .
4, 72, P  < 0 . 0 1 )  an d  A c o u s t i c  s i m i l a r i t y  X P o s i t i o n  (F= 10. 8, 
d. f. 4 , 72, P  < 0. 001).  H o w e v e r  a l l  t h e s e  w e r e  s u p e r s e d e d  by  
the  t h r e e  w ay  i n t e r a c t i o n  b e t w e e n  R a te  of p r e s e n t a t i o n  X A c o u s t i c  
s i m i l a r i t y  X P o s i t i o n  (F= 2. 71, d . f .  4 , 7 2 ,  P  < 0. 05) w h ic h  i s  
sh o w n  in  F i g u r e  4. 2. H e r e  i t  w i l l  be s e e n  th a t  w h e r e a s  a c o u s t i c a l l y  
d i s s i m i l a r  i t e m s  p r e s e n t e d  a t  th e  s low  r a t e  s h o w e d  p e r f o r m a n c e  
a l m o s t  a t  c e i l i n g  l e v e l  fo r  a l l  i t e m s  in  the  l i s t ,  t h e  r e m a i n i n g  
c o n d i t i o n s  s h o w e d  a  n o r m a l  s e r i a l  p o s i t i o n  e f f ec t ,  w i th  p e r f o r m a n c e  
b e in g  p o o r e s t  f o r  a c o u s t i c a l l y  s i m i l a r  i t e m s  p r e s e n t e d  a t  a  f a s t  
r a t e .  T h i s  r e p l i c a t e d  the  p i c t u r e  o b s e r v e d  p r e v i o u s l y .
One l a s t  i n t e r a c t i o n  w h ich  w as  p a r t i c u l a r l y  
i n t e r e s t i n g  w a s  t h a t  b e t w e e n  A r t i c u l a t i o n ,  R a t e  of  p r e s e n t a t i o n .  
A c o u s t i c  s i m i l a r i t y  and  N o i s e  (F= 4. 91,  d . f .  1 , 1 8 ,  P  < 0. 05).
T h i s  i s  s how n  in  F i g u r e  4. 3. T h i s  show e d  th a t  a  m a r k e d  
i m p r o v e m e n t  in  r e c a l l  f o r  i t e m s  p r e s e n t e d  in  85 dB C  n o i s e  
o c c u r r e d  f o r  a c o u s t i c a l l y  s i m i l a r  i t e m s  p r e s e n t e d  a t  a  s lo w  
r a t e  d u r i n g  c o n d i t i o n s  r e q u i r i n g  o v e r t  a r t i c u l a t i o n .  On the  
r e m a i n i n g  c o n d i t i o n s  p e r f o r m a n c e  in loud  n o i s e  w a s  e i t h e r ,  
s i m i l a r  to ,  o r  s l i g h t ly  b e t t e r  t h a n  in  qu ie t  n o i s e  c o n d i t i o n s .
One  o t h e r  n o t a b l e  f e a t u r e  of th i s  i n t e r a c t i o n  w a s  th a t  r e c a l l  
p e r f o r n u a n c e  d u r in g  a r t i c u l a t i o n  w a s  g e n e r a l l y  s u p e r i o r  to
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th e  n o - a r t i c u l a t i o n  c o n d i t io n s .  T h i s  r e s u l t  c o n f i r m s  W ild ing  
a n d  M o h i n d r a ' s  (1980) f ind ing  th a t  n o i s e  i m p r o v e d  r e c a l l  f o r  
a c o u s t i c a l l y  s i m i l a r  i t e m s  an d  a l s o  th a t  s o m e  i m p r o v e m e n t  
o c c u r r e d  w h e n  loud  n o i s e  w a s  a d d e d  to  a r t i c u l a t i o n .  T h i s  e f f e c t  
w a s  p a r t i c u l a r l y  e v i d e n t  w hen  the  r a t e  of p r e s e n t a t i o n  of  i t e m s  
w a s  e q u i v a l e n t  to th e  s l o w e r  of the  two r a t e s  u s e d  in  the  c u r r e n t  
e x p e r i m e n t  (i. e.  2 i t e m s  p e r  s e c o n d ) .  A s  p o in t e d  out  by  W i ld ing  
a n d  M o h i n d r a ,  t h i s  f in d ing  s u g g e s t s  t h a t  a t  t h i s  r a t e  of p r e s e n t a t i o n ,  
a r t i c u l a t i n g  the  i t e m s  a lo u d  i s  a  c o n v e n i e n t  s t r a t e g y ,  c o n s i s t e n t  
w i th  w h a t  s u b j e c t s  m i g h t  do s u b v o c a l l y  w h e n  l e f t  to t h e i r  own 
d e v i c e s .  On the  b a s i s  of t h e s e  f in d in g s  i t  i s  s u g g e s t e d  t h e r e f o r e  
t h a t  a r t i c u l a t i o n  ( o v e r t  o r  c o v e r t )  f o r  the  p u r p o s e  of r e h e a r s a l  
a n d  f o r  e l i c i t i n g  a p h o n o lo g i c a l  r e p r e s e n t a t i o n ,  i s  a  u s e f u l  
s t r a t e g y  an d  t h a t  s h o u ld  t h e s e  c o n d i t io n s  be p r e s e n t  s i m u l t a n e o u s l y ,  
n o i s e  w i l l  h a v e  th e  t y p e s  of e f f e c t s  d e s c r i b e d  ab o v e  of i m p r o v i n g  
s e r i a l  o r d e r  p e r f o r m a n c e .
G E N E R A L  DISCUSSION
The r e s u l t s  of e x p e r i m e n t s  3 an d  4 p r o v i d e  s t r o n g  
e v i d e n c e  th e  r e h e a r s a l  p r o c e s s  p l a y s  a c r i t i c a l  r o l e  in  m a i n t a i n i n g  
s e r i a l  o r d e r  i n f o r m a t i o n  and  th a t  t i m e  h a s  to  be  m a d e  a v a i l a b l e  
f o r  t h i s  p r o c e s s  to t a k e  p l a c e .  T h e r e f o r e  if s t i m u l i  a r e  p r e s e n t e d  
a t  a  r a t e  w h ic h  r e d u c e s  the  o p p o r t u n i t y  f o r  r e h e a r s a l  to t a k e  p l a c e ,  
m e m o r y  f o r  s u c h  i t e m s  i s  a t  b e s t  v e r y  p o o r .  T h e s e  c o n d i t i o n s  
h o w e v e r  do c r e a t e  c o n d i t io n s  w h e r e  the  p h o n e m i c  s i m i l a r i t y  
e f f e c t  i s  l e a s t  a p p a r e n t .  On the  o t h e r  hand,  p r o v i s i o n  of  a  d e l a y  
p r i o r  to r e c a l l  i s  a l l  t h a t  i s  r e q u i r e d  to  p r o v i d e  th e  o p p o r t u n i t y
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f o r  r e h e a r s a l  to o c c u r  an d  s u b j e c t s  p r e s u m a b l y  u t i l i z e  t h i s  
i n t e r v a l  to c o n s t r u c t  a  p h o n o lo g ic a l  r e p r e s e n t a t i o n  on  the  b a s i s  
of  w h ic h  o r d e r  i n f o r m a t i o n  is m a i n t a i n e d .  T h i s  w ou ld  s u p p o r t  
the  g e n e r a l  c o n c l u s i o n s  d r a w n  by  C r o w d e r  (1978) who s u g g e s t e d  
t h a t  " p h o n o lo g ic a l  cod ing  wil l  be e v id en t  to the  e x t e n t  t h a t  s u b j e c t s  
h a v e  h a d  a  r e c e n t  o p p o r t u n i t y  f o r  r e h e a r s a l " .  F u r t h e r ,  a s  s h o w n  by  
H e a l y  (1975) p h o n o lo g i c a l  coding  i s  a  s p e c i a l i s e d  d e v i c e  u s e d  f o r  
the  r e t e n t i o n  of t e m p o r a l  o r d e r  i n f o r m a t i o n ,  p a r t i c u l a r l y  w h e n  
th i s  i n f o r m a t i o n  i s  p r e s e n t e d  in  the  v i s u a l  m o d a l i t y .
T h e s e  c i r c u m s t a n c e s  a p p e a r  a l s o  to be  n e c e s s a r y  
f o r  n o i s e  e f f e c t s  to be o b s e r v e d  on s e r i a l  o r d e r  m e m o r y .  S o m e  
s t a g e  of the  c o n v e r s i o n  of v i s u a l  i n f o r m a t i o n  to a  p h o n o l o g i c a l  
r e p r e s e n t a t i o n ,  o r  of th e  ho ld ing  p r o c e s s  t h u s  s e e m s  to be  
i m p l i c a t e d .  B o th  the  e x p e r i m e n t s  j u s t  r e p o r t e d  d e m o n s t r a t e d  
th a t  n o i s e  i m p r o v e d  p e r f o r m a n c e  in  co n d i t io n s  w h e r e  a  long  d e l a y  
w a s  p r e s e n t  b e f o r e  r e c a l l  o r  in  c o n d i t io n s  w h e r e  i t  w a s  p o s s i b l e  
to r e h e a r s e  d u r i n g  the i n t e r - s t i m u l u s  i n t e r v a l  b e t w e e n  i t e m s .  
F u r t h e r  i t  w a s  o b s e r v e d  th a t  n o i s e  a l s o  i m p r o v e d  p e r f o r m a n c e  of 
a c o u s t i c a l l y  s i m i l a r  i t e m s ,  p a r t i c u l a r l y  if  o v e r t  a r t i c u l a t i o n  
of th e  i t e m s  w a s  e n g a g e d  in  by the  s u b j e c t s .  T h i s  c o n f i r m s  th e  
s u g g e s t i o n  m a d e  by Wilding and  M o h i n d r a  (1980) t h a t  n o i s e  a n d  
a r t i c u l a t i o n  a f f e c t  s e r i a l  o r d e r  r e c a l l  in  the  s a m e  w ay ,  b u t  t h a t  
s u p p r e s s i o n  a n d  n o i s e  a r e  c e r t a i n l y  no t  a l i k e .  T h i s  i m p l i e s  
t h e n  t h a t  s h o u ld  t h e r e  be  no o p p o r t u n i t y  f o r  r e h e a r s a l ,  t h e n  no  
n o i s e  e f f e c t s  shou ld  be o b s e r v e d .
T h i s  i n t e r a c t i o n  of  the  e f f e c t s  of n o i s e  w i th  th e
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o p p o r t u n i t y  f o r  r e h e a r s a l  w as  i n v e s t i g a t e d  a g a i n  in  the  n e x t  
e x p e r i m e n t  u s in g  a  d i f f e r e n t  m e m o r y  p a r a d i g m  - a  r e c o g n i t i o n  
m e m o r y  p a r a d i g m ,  b e f o r e  f u r t h e r  a t t e m p t s  w e r e  m a d e  to e l u c i d a t e  
m o r e  s p e c i f i c a l l y  w ha t  e f f e c t  n o i s e  h a d  on th e  r e h e a r s a l  p r o c e s s  
i t s e l f .
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C H A P T E R  4
T H E  E F F E C T S  O F NOISE AND T E S T  E X P E C T A T I O N S  
IN R E C A L L  AND R E C O G N IT IO N
E X P E R I M E N T S  5 & 6
On r e v i e w i n g  the  l i t e r a t u r e  i t  b e c a m e  i m m e d i a t e l y  
a p p a r e n t  t h a t  no t  m a n y  s tu d i e s  have  lo o k e d  at  the  r e l a t i o n s h i p  
b e t w e e n  a r o u s a l  and  r e c o g n i t i o n  m e m o r y  p e r f o r m a n c e .  D e v o n ia n  
(1967) s h o w e d  h i s  s u b j e c t s  a t r a f f i c  s a f e ty  f i l m  w i thou t  t e l l i n g  t h e m  
t h a t  m e a s u r e s  of r e t e n t i o n  would  b e  r e q u i r e d .  GSR m e a s u r e s  
w e r e  t a k e n  w h i le  the  f i l m  w as  b e in g  p r e s e n t e d .  A r e c o g n i t i o n  
q u e s t i o n n a i r e  w a s  a d m i n s t e r e d  i m m e d i a t e l y  fo l low ing  the  f i l m  
a n d  a l s o  one w e e k  l a t e r .  High  a r o u s a l  i t e m s  s h o w e d  p o o r e r  s h o r t  
t e r m  a n d  b e t t e r  long  t e r m  r e c o g n i t i o n  r e l a t i v e  to lo w  a r o u s a l  i t e m s  
a n d  th e  i n t e r a c t i o n  b e t w e e n  a r o u s a l  an d  r e t e n t i o n  i n t e r v a l  w a s  a l s o  
s i g n i f i c a n t .
A r c h e r  an d  M a r g o l i n  (1970) w e r e  i n t e r e s t e d  in  look ing  
a t  th e  e f f e c t s  of a r o u s a l  on  i n t e n t i o n a l  r e m e m b e r i n g  an d  f o r g e t t i n g .  
T h e y  gave  an  i m m e d i a t e  r e c o g n i t i o n  t e s t  a f t e r  p r e s e n t i n g  t h e i r  
s u b j e c t s  w i th  l i s t s  of  n u m b e r s ,  e a c h  of w h ich  w a s  fo l lo w ed  by  a 
" r e m e m b e r "  o r  " d o n ' t  r e m e m b e r "  i n s t r u c t i o n .  A  f a c i l i t a t i o n  w a s  
s h o w n  f o r  t h o s e  i t e m s  w h ich  w e r e  p r e s e n t e d  in w h i te  n o i s e  a n d  
p a r t i c u l a r l y  f o r  i t e m s  a s s o c i a t e d  w i th  the  r e m e m b e r  i n s t r u c t i o n s .
S c h w a r t z  (1974) p r e s e n t e d  s h o r t  s t o r i e s  c o n t a in in g  a  
n u m b e r  of s u r n a m e s  in  t h e  p r e s e n c e  of d i f f e r e n t  l e v e l s  of w h i te  
n o i s e .  On an  i m m e d i a t e  r e c o g n i t i o n  t e s t  s u b j e c t s  w e r e  r e q u i r e d
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to i n d i c a t e  w h e t h e r  p r o b e  s u r n a m e s  w e r e  c o r r e c t  an d  to g ive  
a  r a t i n g  of c o n f id e n c e  in  t h e i r  j u d g e m e n t .  Using  a s i g n a l  d e t e c t i o n  
a n a l y s i s  S c h w a r t z  found th a t  n o i s e  in f l u e n c e d  b o th  the  p a r a m e t e r s  
d '  a n d  ^ . M o r e  p r e c i s e l y ,  in qu ie t  c o n d i t io n s ,  s u b j e c t s  t e n d e d  to 
e m p l o y  s i g n i f i c a n t l y  m o r e  c a u t io u s  c r i t e r i a  f o r  r a r e  s u r n a m e s  an d  
r i s k i e r  c r i t e r i a  f o r  c o m m o n  s u r n a m e s .  In n o i s e  h o w e v e r ,  s u b j e c t s  
a d o p t e d  s i m i l a r  c r i t e r i a  f o r  bo th  c l a s s e s  of s u r n a m e s .  T h e s e  
r e s u l t s  w e r e  i n t e r p r e t e d  by  S c h w a r t z  a s  s u p p o r t in g  the  h y p o t h e s i s  
t h a t  a r o u s a l  a f f e c t s  the  a c c e s s i b i l i t y  of i n f o r m a t i o n  f o r  r e t r i e v a l .
E y s e n c k  (1974, 1975) h a s  a l s o  p r o p o s e d  th a t  the  
p r o c e s s e s  in v o lv e d  in  the  r e t r i e v a l  of i n f o r m a t i o n  s h o u ld  be  t a k e n  
in to  a c c o u n t  w h e n  c o n s i d e r i n g  th e  e f f e c t s  of a r o u s a l .  E y s e n c k  
t e s t e d  p e r f o r m a n c e  on a  s e m a n t i c  m e m o r y  t a s k  u s in g  a r e c a l l  a n d  
a r e c o g n i t i o n  p a r a d i g m  w h e r e  s u b j e c t s  had  to p r o d u c e  a  w o r d  f r o m  
a s p e c i f i e d  c a t e g o r y  w h o s e  n a m e  s t a r t e d  wi th  a p a r t i c u l a r  l e t t e r ,  
f o r  e x a m p l e  " f r u i t  - A ( r e c a l l ) ,  o r  t h e y  had  to r e s p o n d  ' y e s '  i f  th e  
c a t e g o r y  n a m e  w a s  fo l l o w ed  by a m e m b e r  of t h a t  c a t e g o r y ,  a n d  'no ' 
i f  i t  w a s  no t  ( r e c o g n i t i o n ) .  A r o u s a l  w a s  m a n i p u l a t e d  by m e a n s  of 
i n d i v i d u a l  d i f f e r e n c e s  on the  e x t r a v e r s i o n  s c a l e  of  th e  E .  P .  I. an d  
on  th e  G e n e r a l  A c t i v a t i o n  s c a l e  of the  T h a y e r  a d j e c t i v e  c h e c k l i s t  
(1967).  S u b je c t s  j u d g e d  to  be  h igh  on a r o u s a l  r e s p o n d e d  f a s t e s t  on 
th e  r e c o g n i t i o n  t r i a l s ;  r e c a l l ,  however , ,  w as  a f f e c t e d  by  th e  d o m i n a n c e  
of th e  i n f o r m a t i o n  t e s t e d .  High  a r o u s a l  s u b j e c t s  p r o d u c e d  a f a s t e r  
r e s p o n s e  f o r  d o m i n a n t  i t e m s  w i th  d o m i n a n c e  a s s o c i a t e d  w i th  an y  
i t e m  p a i r  b e i n g  d e t e r m i n e d  by  r e f e r e n c e  to the  B a t t ig  a n d  M o n tag u e  
(1969) n o r m s .  With  r e s p e c t  to  n o i s e  h o w e v e r ,  E y s e n c k  (1975)
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found  no s e l e c t i v e  in f l u e n c e  of 80 dB w h i te  n o i s e  upon  h igh  o r  
lo w  d o m i n a n c e  l a t e n c i e s  in  a  s e m a n t i c  r e c o g n i t i o n  t a s k  s i m i l a r  
to t h a t  d e s c r i b e d  ab o v e ,  a l th o u g h  he  d id  f ind  t h a t  n o i s e  i n h i b i t e d  
th e  r e c a l l  s p e e d  of low d o m i n a n c e  i t e m s ,  s u g g e s t i n g  th a t  n o i s e  
m a y  h a v e  a  d i f f e r e n t  e f f e c t  on  r e c a l l  and  r e c o g n i t i o n .
A c c o r d i n g  to M i l l a r  (1979), the  r e c o g n i t i o n  t a s k  u s e d  
by  E y s e n c k  i s  no t  one of p u r e  r e c o g n i t i o n  b e c a u s e  i t  r e q u i r e s  a  
d e c i s i o n  a b o u t  th e  w o r d ' s  c a t e g o r y  m e m b e r s h i p  a s  w e l l  a s  a  
j u d g e m e n t  of i t s  s i m p l e  n a m e  id e n ty .  M i l l a r  t h e r e f o r e  r e - e x a m i n e d  
s e m a n t i c  w o r d  r e c o g n i t i o n  by  u s in g  s i m p l e  r e c o g n i t i o n  an d  a 
w i d e r  s e p a r a t i o n  of d o m i n a n c e  l e v e l s .  He u s e d  a  m o d i f i e d  
r e c o g n i t i o n  t h r e s h o l d  p r o c e d u r e  w h e r e  th e  t a r g e t  w o r d  w a s  
b a c k  p r o j e c t e d  a n d  r e n d e r e d  c o m p l e t e l y  u n d e c i p h e r a b l e  u n t i l  the  
p r o j e c t o r  g r a d u a l l y  b r o u g h t  i t  in to  fo c u s ,  an d  s u b j e c t s  v o c a l i z e d  the  
w o r d  w h e n  co n f id e n t  of i t s  i d e n t i t y .  S e p a r a t e  g r o u p s  p e r f o r m e d  the  
t a s k  in  95 dBA n o i s e  o r  70 dBA qu ie t ,  an d  on  h a l f  th e  t r i a l s  th e  
t a r g e t  w o r d ' s  c a t e g o r y  m e m b e r s h i p  w a s  r e v e a l e d  b e f o r e  i t s  
p r e s e n t a t i o n .  The  r e c o g n i t i o n  of s e m a n t i c a l l y  low  d o m i n a n c e  i t e m s  
w a s  no t  s i g n i f i c a n t l y  i m p a i r e d  by  n o i s e  bu t  the  r e c o g n i t i o n  of h ig h  
d o m i n a n c e  w o r d s  w a s  r e l i a b l y  f a s t e r  in  n o i s e  " i n d i c a t i n g  the  
v u l n e r a b i l i t y  of  e v e n  r e c o g n i t i o n ' s  s m a l l  r e t r i e v a l  c o m p o n e n t  in  
a r o u s a l " .
M o r e  r e c e n t l y  a  g r e a t  d e a l  of i n t e r e s t  h a s  a r i s e n  in  
a t t e m p t i n g  to u n d e r s t a n d  the  d i f f e r e n c e s  b e t w e e n  the  p r o c e s s e s  of 
r e c a l l  a n d  r e c o g n i t i o n  (B row n,  1976). One m o d e l ,  n a m e l y  the 
d u a l  p r o c e s s  m o d e l  of r e c a l l  a n d  r e c o g n i t i o n ,  i s  b a s e d  on the
106
a s s u m p t i o n  th a t  r e c a l l  i n v o lv es  a r e t r i e v a l  s t a g e  a s  w e l l  a s  a  
d e c i s i o n  s t a g e .  A c c o r d i n g l y  any  e x p e r i m e n t a l  v a r i a b l e  t h a t  a f f e c t s  
th e  p r o b a b i l i t y  of r e t r i e v a l  shou ld  a f fec t  r e c a l l  b u t  no t  r e c o g n i t i o n  
a n d  a  v a r i a b l e  t h a t  a f f e c t s  the  d e c i s i o n  s t a g e  s h o u ld  p r o d u c e  a 
d i f f e r e n c e  in  r e c a l l  a n d  r e c o g n i t i o n .
One a p p r o a c h  th r o u g h  w h ic h  i t  would  be p o s s i b l e  to 
lo o k  a t  the  e f f e c t  of n o i s e  on t h e s e  two p r o c e s s e s  w ou ld  be to s tu d y  
th e  e f f e c t  on  p r o c e s s i n g  s t r a t e g i e s  i n d u c e d  by r e c a l l  an d  r e c o g n i t i o n  
t e s t  e x p e c t a t i o n s .  In t h i s  type  of  s tu d y  s u b j e c t s  a r e  to ld  to e x p e c t  
a  r e c a l l  t e s t  o r  a  r e c o g n i t i o n  t e s t  and  a r e  t h e n  g iv e n  th e  
u n e x p e c t e d  one of the  two t e s t s .  The  r e s u l t s  of t h e s e  e x p e r i m e n t s  
s u g g e s t  t h a t  the  two i n s t r u c t i o n s  d i f f e r  in  th e  e x t e n t  to w h ic h  t h e y  
in d u c e  r e h e a r  sal, w i th  s u b j e c t s  e xpec t ing  a r e c a l l  t e s t  t e n d in g  to 
e n g a g e  in  m o r e  a c t i v e  p r o c e s s i n g  th a n  s u b j e c t s  e x p e c t in g  a 
r e c o g n i t i o n  t e s t  (Hall ,  G r o s s m a n  and  Elwood ,  1976; H a l l ,  M i s k i e w i c z  
a n d  M u r r a y ,  1977; M a i s to ,  De W a r d  and  M i l l a r ,  1977;  L o f t u s ,  1971).  
L e w i s  (1981) r e p o r t e d  an  e x p e r i m e n t  in w h ich  a 2 X 2 f a c t o r i a l  
d e s i g n  w a s  u s e d  w i th  tw o  ty p e s  of i n s t r u c t i o n s  ( r e c a l l  vs  
r e c o g n i t i o n )  a n d  two l e v e l s  of  w h i te  n o i s e  (65 a n d  85 dBC).  A 
c o m p a r i s o n  of d a t a  f r o m  t h e s e  two g r o u p s  s h o w e d  th a t  w h i te  n o i s e  
i m p r o v e d  f r e e  r e c a l l  of s u b j e c t s  e x p e c t in g  a  r e c a l l  t e s t  an d  i m p a i r e d  
th a t  of s u b j e c t s  e x p e c t in g  a r e c o g n i t i o n  t e s t .  On a  s u b s e q u e n t  
r e c o g n i t i o n  t e s t ,  p e r f o r m a n c e  of r e c a l l  i n s t r u c t e d  s u b j e c t s  w a s  
a g a i n  i m p r o v e d  i n  85 dB C  n o i s e  c o n d i t io n s  r e l a t i v e  to  t h e  r e c o g n i t i o n  
i n s t r u c t e d  s u b j e c t s .  T h e s e  r e s u l t s  w e r e  i n t e r p r e t e d  a s  s u g g e s t i n g  
t h a t  n o i s e  i n c r e a s e s  r e h e a r s a l ,  p a r t i c u l a r l y  w hen  t h i s  i s  r e q u i r e d
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by  the  t a s k .  (i. e. in  the  r e c a l l  i n s t r u c t e d  g roup ) .
In the  e x p e r i m e n t  to be  r e p o r t e d  h e r e ,  S c h w a r t z ' s  
( 1974 ) p r o p o s i t i o n  t h a t  a r o u s a l  f a c i l i t a t e s  m e m o r y  b a s e d  on  th e  
p h y s i c a l  p r o p e r t i e s  of v e r b a l  m a t e r i a l ,  but  a d v e r s l y  a f f e c t s  m e m o r y  
f o r  s e m a n t i c  f e a t u r e s  w as  i n v e s t i g a t e d  in  a r e c o g n i t i o n  m e m o r y  
p a r a d i g m .  D i s t r a c t o r  i t e m s  w h ich  w e r e  e i t h e r  s y n o n y m o u s  wi th ,  
o r  a c o u s t i c a l l y  s i m i l a r  t o , t a r g e t  i t e m s  w e r e  u s e d  to t e s t  w h e t h e r  
m o r e  f a l s e  a l a r m s  o c c u r r e d  w i th  t h e s e  i t e m s  in  n o i s e  in  r e l a t i o n  
to r a n d o m l y  s e l e c t e d  d i s t r a c t o r  s.
4. 1 E X P E R I M E N T  5
M ETH O D
S u b je c t s
34 s u b j e c t s  (m e a n  a g e  17 y e a r s ) ,  a l l  s i x th  f o r m e r s  
a t t e n d i n g  B e d f o r d  C o l l ege  on a  t o u r  of the  D e p a r t m e n t  of P s y c h o l o g y ,  
p a r t i c i p a t e d  i n  t h i s  e x p e r i m e n t .  Ha l f  of t h e m  w e r e  r a n d o m l y  
a s s i g n e d  to t h e  65 dB C  n o i s e  co n d i t io n  an d  the  o t h e r  ha l f  e x p e r i e n c e d  
85 d B C  n o i s e .  S u b j e c t s  w e r e  t e s t e d  in  two g r o u p s  of  17 s u b j e c t s  
e a c h .
M a t e r i a l s
F i v e  l i s t s  of 25 w o r d s  e a c h ,  w e r e  p r e p a r e d .  The  
f i r s t  l i s t  c o n s i s t e d  of th e  t a r g e t  i t e m s .  L i s t s  2, 3, 4 c o n s i s t e d  
r e s p e c t i v e l y  of  w o r d s  w h ich  w e r e  s y n o n y m s ,  h ig h  a s s o c i a t e s  o r  
w o r d s  a c o u s t i c a l l y  s i m i l a r  to t a r g e t  i t e m s .  The  f i f t h  l i s t  w a s  
m a d e  up of r a n d o m l y  c h o s e n  d i s t r a c t o r  w o r d s  m a t c h e d  f o r  w o r d
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l e n g th  an d  f r e q u e n c y  of o c c u r r e n c e .
The  l i s t  of  t a r g e t  w o r d s  w a s  p r i n t e d  in u p p e r  c a s e  
l e t t e r s  and  p r e s e n t e d  on  the  s c r e e n  of a  v ideo  m o n i t o r  c o n n e c t e d  
to  a ' P E T '  m i c r o c o m p u t e r  w i th  e a c h  i t e m  b e in g  d i s p l a y e d  f o r  
I s  fo l l o w e d  by  a 2s gap  b e f o r e  the  n ex t  i t e m .  D u r in g  the  p r e s e n t a t i o n  
of i t e m s  s u b j e c t s  w o r e  h e a d p h o n e s  t h r o u g h  w h ich  w hi te  n o i s e  of 
65 o r  85 dB C  i n t e n s i t y  w a s  p l a y e d  f r o m  a t a p e  r e c o r d e r .
P r o c e d u r e
S u b je c t s  w e r e  i n s t r u c t e d  t h a t  a  l i s t  of w o r d s  w ou ld  
be  p r e s e n t e d  on the  v ideo  s c r e e n ,  to look  c a r e f u l l y  a t  th e  w o r d s  
a n d  a f t e r w a r d s  b e  p r e p a r e d  to ch o o s e  the  p r e s e n t e d  w o r d s  f r o m  
a  l i s t  c o n t a in in g  s o m e  n ew  an d  s o m e  old  w o r d s .  A f t e r  a l l  the  
t a r g e t  w o r d s  had  b e e n  p r e s e n t e d ,  s u b j e c t s  t u r n e d  o v e r  a  s h e e t  
of p a p e r  c o n t a in in g  the  w o r d s  f r o m  a l l  f ive l i s t s  (125 w o r d s ) ,  
a r r a n g e d  in  a  r a n d o m  o r d e r .  T h e y  w e r e  a s k e d  to r e s p o n d  ' y e s '  
to t h o s e  w o r d s  t h e y  h a d  j u s t  s e e n  on the  v ideo  s c r e e n  a n d  ' n o ' 
to any n e w  w o r d s .  No n o i s e  w a s  p r e s e n t e d  a t  the  r e c o g n i t i o n  
s t a g e  of th e  e x p e r i m e n t .
R E S U L T S
T h e  m e a n  n u m b e r  of t a r g e t  i t e m s  c o r r e c t l y  r e c o g n i z e d  
u n d e r  e a c h  l e v e l  of n o i s e ,  v a l u e s  of d '  and  y8 a n d  the  n u m b e r  of 
f a l s e  a l a r m s  f o r  e a c h  d i s t r a c t o r  type  a r e  show n in  T a b l e  5. 1.
R e s u l t s  of a n  in d e p e n d e n t  t - t e s t  (t= 1. 23, P  > 0. 05) f a i l e d  to  s h o w  
a n y  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  the  n u m b e r  of i t e m s  r e c o g n i z e d  
in  the  tw o  n o i s e  c o n d i t io n s .  U s ing  a s i g n a l  d e t e c t i o n  a n a l y s i s
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T a b le  5. 1
M e a n  v a l u e s  f o r  the  N u m b e r  of w o r d s  r e c o g n i z e d ,  d ' ,  y8,and f a l s e  
a l a r m s  a c c o r d i n g  to d i s t r a c t a b i l i t y  u n d e r  e a c h  l e v e l  of w h i te  n o i s e  
u s e d  in  E x p e r i m e n t  5.
N o i s e  M e a n  no. of ^  F a l s e  a l a r m s  a c c o r d i n g  to d i s t r a c t i o n
L e v e l  w o r d s  r e c o g .  s y n o n y m  h igh  a c o u s t i c  r a n d o m
a s s o c ,  s i m i l a r
65 d B C  1 6 .5 3  2 . 4 5  3 .5 1  1 .5 9  2 . 5 2  1 . 5 2  1 .0 0
85 d B C  1 8 .2 3  2 . 7 9  4 . 3 0  1 .7 6  2 .41  1 .41  1 . 0 0
v a l u e s  of  d'  a n d  ,6 w e r e  c a l c u l a t e d  f o r  the  tw o g r o u p s .  M e a n  v a l u e s  
f o r  b o th  t h e s e  p a r a m e t e r s  w e r e  found to be  h i g h e r  in  th e  85 d B C  
c o n d i t i o n  bu t  in  n e i t h e r  c a s e  w e r e  t h e y  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  
v a l u e s  o b t a i n e d  u n d e r  65 dBC n o i s e .  An a n a l y s i s  of the  f a l s e  a l a r m s  
g e n e r a t e d  u n d e r  e a c h  d i s t r a c t o r  ty pe  show e d  g e n e r a l l y  t h a t  v e r y  f e w  
e r r o r s  o c c u r r e d  an d  th a t  t h e r e  w as  no i n t e r a c t i o n  of n o i s e  by  ty p e  
of e r r o r .
DISCUSSION
O v e r a l l  the  n u m b e r  of e r r o r s  w a s  found  to b e  v e r y  l o w  
a n d  t h e r e  w a s  no e v id e n c e  to s u g g e s t  t h a t  n o i s e  b i a s e d  the  u s e  of 
e i t h e r  a  s e m a n t i c  s t r a t e g y  o r  a  s t r a t e g y  b a s e d  on th e  p h y s i c a l
p r o p e r t i e s  of the  i t e m s .
S ince  t h e s e  r e s u l t s  l e n d  no s u p p o r t  to r e s u l t s  o b t a in e d  
f r o m  r e c a l l  t a s k s ,  i t  co u ld  be the  c a s e ,  a s  s u g g e s t e d  ab o v e ,  t h a t  
n o i s e  e f f e c t s  on ly  o c c u r  in  t a s k s  w h e r e  a n  a c t i v e  r e h e a r s a l  
s t r a t e g y  i s  a d o p t e d  by  s u b j e c t s  in o r d e r  to e n h a n c e  m e m o r y  
p e r f o r m a n c e . R e c o g n i t i o n  i n s t r u c t i o n s  do n o t  s e e m  to p r o m o t e
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s u c h  a  s t r a t e g y  an d  s u b j e c t s  p o s s i b l y  a l lo w  the  i n f o r m a t i o n  to  p a s s  
b e f o r e  t h e m  w i th o u t  m a k i n g  too  m u c h  of a n  e f fo r t  to o r g a n i z e  the  
m a t e r i a l  t o - b e - r e m e m b e r e d .
T h e r e f o r e  a  s e c o n d  e x p e r i m e n t  w a s  c a r r i e d  out ,  but  
t h i s  t i m e  s u b j e c t s  w e r e  to ld  to e x p e c t  a  r e c a l l  t e s t  a f t e r  p r e s e n t a t i o n  
of t h e  l i s t  of t a r g e t  i t e m s .  In ad d i t io n  a 75 dBC n o i s e  g r o u p  w a s  
a l s o  r u n  in  o r d e r  to t e s t  w h e t h e r  the  e f fec t  of n o i s e  fo l l o w e d  a 
l i n e a r  o r  a  n o n - l i n e a r  t r e n d  a s  l e v e l  of n o i s e  i n c r e a s e d .
4. 2 E X P E R I M E N T  6
M ETH O D
S u b je c t s
52 s u b j e c t s ,  a l l  s ix th  f o r m e r s  (m e a n  a g e  17 y e a r s ) ,  
a t t e n d i n g  B e d f o r d  C o l l eg e  on a t o u r  of th e  P s y c h o l o g y  D e p a r t m e n t  
p a r t i c i p a t e d  in  t h i s  e x p e r i m e n t .  S u b je c t s  w e r e  r a n d o m l y  a s s i g n e d  
to one of the  t h r e e  (65, 75 o r  85 dBC) n o i s e  c o n d i t io n s .  N one  of 
th e  s u b j e c t s  h a d  p a r t i c i p a t e d  in  E x p e r i m e n t  5.
S t i m u l u s  m a t e r i a l .
S t i m u lu s  m a t e r i a l  an d  p r e s e n t a t i o n  m e t h o d  w e r e  a s  
in  E x p e r i m e n t  5. .
P r o c e d u r e
Al l  a s p e c t s  of th e  p r o c e d u r e  w e r e  i d e n t i c a l  to  t h a t  of 
E x p e r i m e n t  5, e x c e p t  th a t  s u b j e c t s  w e r e  to ld  th a t  on  c o m p l e t i o n  
of  th e  l i s t  p r e s e n t a t i o n ,  t h e y  would  be a s k e d  to r e c a l l  a s  m a n y  of 
t h e  p r e s e n t e d  i t e m s  t h a t  th e y  cou ld  r e m e m b e r  in  a n y  o r d e r  t h e y  
l i k e d .  S u b j e c t s  w e r e  a l l o w e d  3 m i n u t e s  f o r  the  r e c a l l  t a s k  ,
I l l
w h ic h  w a s  th e n  f o l l o w e d  by  a n  u n e x p e c t e d  r e c o g n i t i o n  t e s t  p r e s e n t e d  in  
a n  i d e n t i c a l  m a n n e r  to t h a t  u s e d  in E x p e r i m e n t  5.
R E S U L T S
T a b l e  6. 1 show s  the m e a n  n u m b e r  of i t e m s  r e c a l l e d  
a n d  th e  p r o b a b i l i t y  of r e c a l l  in the  c o r r e c t  s e q u e n c e  f o r  e a c h  of 
th e  t h r e e  n o i s e  c o n d i t io n s  u s e d .
T ab le  6. 1
N o i s e  L e v e l  M e a n  n u m b e r  of w o r d s  P r o b a b i l i t y  of r e c a l l
r e c a l l e d .  in the  c o r r e c t  s e q u e n c e .
65 d B C  (n=19) 1 2 .3 2  0 . 0 9 5
75 d B C  (n=17) 12 .11  0 . 0 9 8
85 d B C  (n= l6 )  1 2 .8 8  0 . 1 4 6
A n a l y s i s  of th e  m e a n  n u m b e r  of w o r d s  r e c a l l e d  u s in g  a 1 - w ay  A NOVA 
f a i l e d  to  s h o w  ( F <  1) a  s ig n i f i c a n t  e f f ec t  of n o i s e .  T h i s  r e s u l t  w a s  
no t  t o t a l l y  u n e x p e c t e d  s in c e  in a  n u m b e r  of p r e v i o u s  e x p e r i m e n t s  
no d i f f e r e n c e s  have  b e e n  found  in the  t o t a l  n u m b e r  of i t e m s  
c o r r e c t l y  r e c a l l e d  u n d e r  d i f f e r e n t  l e v e l s  of n o i s e  ( H e r m a n n  an d  
O s t e r k a m p ,  1966;  D aee  an d  Wilding,  1977; S m i th ,  1980;  W i ld ing ,  
M o h i n d r a  an d  B r e e n - L e w i s ,  1982).  H o w e v e r  a  g e n e r a l  t r e n d  found  
in  f r e e  r e c a l l  s t u d i e s  i s  the  e x i s t e n c e  of a  r e l a t i o n s h i p  b e t w e e n  
n o i s e  l e v e l  a n d  th e  p r o b a b i l i t y  of r e m e m b e r i n g  i t e m s  in  t h e  
c o r r e c t  s e q u e n c e .  An i n c r e a s e  in s e q u e n c e  r e c a l l  w a s  a l s o  
o b s e r v e d  h e r e ,  bu t  ( u n fo r tu n a t e ly )  the  e f f ec t  w a s  s m a l l  an d  d id  
n o t  r e a c h  s i g n i f i c a n c e .
A n a l y s i s  of the  r e c o g n i t i o n  s c o r e s ,  m e a n s  f o r  w h ic h
a r e  sh o w n  in  T a b l e  6. 2 sh o w e d  th a t  a  n o n - m o n o t o n i c  r e l a t i o n s h i p
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T a b le  6. 2
M e a n  v a l u e s  f o r  the n u m b e r  of w o r d s  r e c o g n i z e d ,  d ' ,  yS, an d  f a l s e  
a l a r m s  a c c o r d i n g  to d i s t r a c t a b i l i t y  u n d e r  e a c h  l e v e l  of w h i te  n o i s e  
u s e d  in  E x p e r i m e n t  6.
N o i s e M e a n  no .  of F a l s e  a l a r m s  a c c o r d i n g  to d i s t ra c t i*
L e v e l w o r d s  r e c o g . d ' /3 s y n o n y m high
a s s o c .
a c o u s t i c
s i m i l a r
r a n d o m
65 d B C 17. 60 2. 36 6. 22 1 . 8 4 2. 63 1. 68 1. 26
75 dB C 16. 50 2. 20 5. 56 1 .82 2 .4 1 1. 53 1 .4 1
85 d B C 18. 13 2. 33 5. 05 1 .6 3 2. 25 2. 25 1 . 4 0
e x i s t e d  b e t w e e n  the  m e a n  n u m b e r  of i t e m s  r e c o g n i s e d  a n d  n o i s e  
l e v e l ,  w i th  r e c o g n i t i o n  be ing  s l ig h t ly  b e t t e r  in 85 dBC n o i s e  a n d  
p o o r e s t  in  75 dBC n o i s e .  H o w e v e r  the  r e s u l t s  of a n  A NOVA f a i l e d  
to s h o w  th a t  t h e  e f f e c t  w a s  s ig n i f i c a n t  ( F < 1 ) .  A n a l y s i s  i n c lu d in g  
th e  f a l s e  a l a r m  d a t a  u s in g  the  s ig n a l  d e t e c t i o n  p r o c e d u r e  s h o w e d  
no e f f e c t s  of n o i s e  l e v e l  on  th e  d'  p a r a m e t e r  an d  a l th o u g h  y5 v a l u e s  
d e c r e a s e d  a s  n o i s e  l e v e l s  i n c r e a s e d  the  l i n e a r  t r e n d  f a i l e d  to 
r e a c h  s i g n i f i c a n c e  (F= 2. 35, d. f. 1 ,4 9 ,  F  > 0. 05).  When  e r r o r s  
w e r e  a n a l y s e d  a c c o r d i n g  to d i s t r a c t o r  type  a g a i n  t h e r e  w a s  no  
e v i d e n c e  f o r  a n  i n t e r a c t i o n  b e t w e e n  e r r o r s  and  n o i s e  l e v e l .
DISCUSSION
T h e r e  w a s  s o m e  i n d i c a t i o n  in  the  r e c a l l  s c o r e s  of 
a  n o n - m o n o t o n i e  e f f ec t  of n o i s e ,  w i th  p e r f o r m a n c e  b e i n g  b e s t  
u n d e r  85 d B C  a n d  w o r s t  u n d e r  75 dB C  n o i s e .  H o w e v e r  t h i s  
r e s u l t  w a s  n o t  s t a t i s t i c a l l y  s ig n i f i c a n t  a n d  r e s e m b l e s  the  r e s u l t  
o b t a i n e d  by  W i ld ing ,  M o h i n d r a  and  B r e e n - L e w i s  (1982) w i th  a
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30 i t e m  l i s t  of n o n - a s s o c i a t e d  w o r d s .  P r o b a b i l i t y  of  r e c a l l i n g  
w o r d s  in  the  c o r r e c t  s e q u e n c e  i n c r e a s e d  w i th  n o i s e ,  s u g g e s t i n g  
t h a t  s u b j e c t s  f a v o u r  a m a i n t e n a n c e  r e h e a r s a l  s t r a t e g y  in  n o i s e .  
T h i s  p a r t i c u l a r  s t r a t e g y  s e e m s  to be a d o p te d  q u i t e  s p o n t a n e o u s l y  
b u t  m o r e  e s p e c i a l l y  w hen  s u b je c t s  a r e  to l d  to e x p e c t  a  r e c a l l  t e s t  
a f t e r  l i s t  p r e s e n t a t i o n  (L e w is ,  1981).
A s i m i l a r  n o n - m o n o t o n ie  t r e n d  in  t h e  e f f e c t  of  n o i s e  
on th e  r e c o g n i t i o n  s c o r e s  m a y  a l s o  be a r e f l e c t i o n  of th e  s t r a t e g y  
a d o p t e d  by  s u b j e c t s  e x p e c t in g  a  r e c a l l  t e s t .  A g a in  h o w e v e r  th e  
e r r o r  r e s u l t s  sh o w e d  no  in d i c a t i o n  th a t  n o i s e  b i a s e d  u s e  of 
e i t h e r  a  s e m a n t i c  o r  a  p h y s i c a l  p r o c e s s i n g  s t r a t e g y .
G E N E R A L  DISCUSSION
In g e n e r a l ,  the  r e s u l t s  of bo th  E x p e r i m e n t  5 an d  
E x p e r i m e n t  6 s h o w e d  t h a t  the  n u m b e r  of i t e m s  r e c o g n i s e d  w a s  
g r e a t e r  w hen  i t e m s  w e r e  p r e s e n t e d  in loud  n o i s e  c o n d i t io n s .  
H o w e v e r  in  n e i t h e r  c a s e  did  the d i f f e r e n c e  in  th e  n u m b e r  of  
i t e m s  r e c o g n i s e d  r e a c h  s ig n i f i c a n c e .  A ls o  n e i t h e r  of th e  
e x p e r i m e n t s  r e p o r t e d  p r o v i d e d  any  s u p p o r t  f o r  S c h w a r t z ' s  
h y p o t h e s i s  t h a t  a r o u s a l  f a c i l i t a t e s  m e m o r y  b a s e d  on th e  p h y s i c a l  
a t t r i b u t e s  of th e  i n f o r m a t i o n  and  a d v e r s e l y  a f f e c t s  m e m o r y  f o r  
s e m a n t i c  f e a t u r e s .  S ince  S c h w a r t z  h i m s e l f  h a s  o b t a in e d  e v i d e n c e  
c o n f i r m i n g  t h i s  e f f e c t  in  th e  f r e e  r e c a l l  p a r a d i g m ,  i t  c a n  on ly  be 
a s s u m e d  th a t  e i t h e r  the  r e c o g n i t i o n  m e m o r y  p a r a d i g m  i s  n o t  
s e n s i t i v e  en o u g h  in  e l i c i t i n g  t h e s e  sub t le  e f f e c t s  o r  t h a t  the
c o n d i t i o n s  of en co d in g  and  r e t r i e v a l  w h ic h  a r e  p r e s e n t  d u r in g
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r e c o g n i t i o n  do no t  r e s e m b l e  t h o s e  w h ich  e x i s t  d u r in g  f r e e  r e c a l l .
In o r d e r  to m a t c h  th e  f r e e  r e c a l l  co n d i t io n s  a t  en co d in g ,  s u b j e c t s  
in  E x p e r i m e n t  6 w e r e  l e d  to e x p e c t  a  f r e e  r e c a l l  t e s t .  In t h i s  c a s e  
a g a i n  r e c o g n i t i o n  p e r f o r m a n c e  w as  no t  show n to s i g n i f i c a n t l y  
i m p r o v e  w i th  n o i s e  l e v e l .  R e c a l l  s c o r e s  a l s o  s h o w e d  no  e f f e c t s  
of n o i s e ,  bu t  t h i s  w a s  e x p e c t e d  s in c e  i m m e d i a t e  f r e e  r e c a l l  d o e s  
n o t  g e n e r a l l y  s how  a n  i m p a i r m e n t  w i th  n o i s e  u n l e s s  i n d i c a t o r s  
of o r g a n i z a t i o n a l  a c t i v i t y  s u c h  a s  m e a s u r e s  of c a t e g o r y  c l u s t e r i n g  
o r  r e c a l l  in  th e  c o r r e c t  s e q u e n c e  a r e  u s e d .
It i s  c o n c l u d e d  t h e r e f o r e  t h a t  the  s u b t l e  c h a n g e s  
on p r o c e s s i n g  s t r a t e g y  w h ich  a c c o m p a n y  n o i s e  e f f e c t s  o b s e r v e d  
w i th in  th e  f r e e  r e c a l l  p a r a d i g m  e i t h e r  do no t  o c c u r  w i th in  
th e  r e c o g n i t i o n  p a r a d i g m  o r  a r e  no t  open  to o b s e r v a t i o n  u s in g  
th e  m e t h o d  e m p l o y e d  in  the  e x p e r i m e n t s  d e s c r i b e d  h e r e .
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C H A P T E R  5
NOISE E F F E C T S  ON R E H E A R S A L  R A T E  IN 
S HORT T E R M  S E R IA L  O R D E R  M E M O R Y
E X P E R I M E N T S  7 - 9
T h e  r e s u l t s  of the  l a s t  f e w  e x p e r i m e n t s  ( E x p e r i m e n t s  
3 -6 )  s e e m  to i n d i c a t e  t h a t  n o i s e  e f f e c t s  on m e m o r y  o c c u r  in  c o n d i t i o n s  
e i t h e r  w h e r e  t h e r e  i s  a n  a v a i l a b l e  o p p o r t u n i t y  f o r  r e h e a r s a l  
o r  w h e r e  m a i n t e n a n c e  r e h e a r s a l  i s  e m p l o y e d  a s  th e  d o m i n a n t  
s t r a t e g y  in  o r d e r  to e n h a n c e  r e c a l l  p e r f o r m a n c e .
T h e s e  r e s u l t s  thus  s u g g e s t  t h a t  n o i s e  r e i n f o r c e s  u s e  
of a  m a i n t e n a n c e  r e h e a r s a l  s t r a t e g y  but  beg  t h e  q u e s t i o n  of  w h e t h e r  
u s e  of  t h i s  s t r a t e g y  i s  due to a change  in the  c a p a c i t y  f o r  r e h e a r s a l  
o r  due  to an  o p t i o n a l  change  in the  m a n n e r  in  w h ich  th e  i n c o m i n g  
i n f o r m a t i o n  i s  c h o s e n  to be p r o c e s s e d .  A n u m b e r  of  r e l a t e d  
q u e s t i o n s  w h ich  a r e  m o r e  s p e c i f i c  to th e  r e s u l t s  o b t a i n e d
w i th  the  s e r i a l  o r d e r  r e c a l l  p a r a d i g m  a l s o  n e e d  f u r t h e r  a t t e n t i o n .  
F i r s t l y  a s  s u s p e c t e d  by  Wild ing and  M o h i n d r a  (1980) a n d  s u b s t a n t i a t e d  
b y  t h e  r e s u l t s  of E x p e r i m e n t  3 an d  4, the  r o l e  of a r t i c u l a t i o n  w h en  
i t  o c c u r s  in  t h e  p r e s e n c e  of n o i s e  n e e d s  to be  e x a m i n e d .  It w a s  
s h o w n  t h a t  a r t i c u l a t i o n  i m p r o v e s  p e r f o r m a n c e  f o r  i n f o r m a t i o n  
p r e s e n t e d  a t  a  f a s t  r a t e  of p r e s e n t a t i o n  ( J  s p e r  i t e m  c o m p a r e d  to  2s  
p e r  i t e m )  an d  th a t  in  t h e s e  c o n d i t io n s  i t s  e f f e c t s  w e r e  in  th e  s a m e  
d i r e c t i o n  a s  t h o s e  of  n o i s e  (for  e x a m p l e  i t  i m p r o v e d  p e r f o r m a n c e  
on a c o u s t i c a l l y  s i m i l a r  l e t t e r s  to  a  g r e a t e r  ex t e n t  t h a n  t h a t  on 
d i s s i m i l a r  l e t t e r s ) .  T h i s  e f f ec t  w a s  r e p l i c a t e d  in  E x p e r i m e n t  4
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a n d  l e a d s  to  t h e  s e c o n d  q u e s t i o n  - why d o e s  n o i s e  i n t e r a c t  w i th  
th e  p h o n e m i c  s i m i l a r i t y  e f f e c t ?  S o m e  p r e v i o u s  r e s e a r c h  h a s  a l s o  
i n d i c a t e d  th e  o c c u r r e n c e  of s u c h  a n  i n t e r a c t i o n .  U s in g  a f o r e i g n  
l a n g u a g e  te x t ,  p r e s e n t e d  b i n a u r a l l y  a t  85 dB s e n s a t i o n  l e v e l .  Co l le  
a n d  W e l s h  (1976) d e m o n s t r a t e d  th a t  m e m o r y  p e r f o r m a n c e  on 
p h o n o l o g i c a l l y  s i m i l a r  i t e m s  r e m a i n e d  s t a b l e  w h e r e a s  t h a t  on 
p h o n o l o g i c a l l y  d i s s i m i l a r  i t e m s  w as  r e d u c e d .  B a d d e l e y  (1968,  
E x p e r i m e n t  4) o b s e r v e d  a s i m i l a r  e f f ec t  on a s e q u e n c e  of 
a u d i t o r i l y  p r e s e n t e d  t h r e e  l e t t e r  w o r d s  u n d e r  70 dBA w h i te  n o i s e .  
39% of h i s  s u b j e c t s  r e c a l l e d  d i s s i m i l a r  w o r d s  b e t t e r  in n o i s e  
w h e r e a s  55% r e c a l l e d  s i m i l a r  i t e m s  b e t t e r  in n o i s e .  T h i s  l a t t e r  
r e s u l t  w a s  e v e n  m o r e  s u r p r i s i n g  g iv e n  th a t  p e r c e p t i o n  of s i m i l a r  
i t e m s  w a s  i m p a i r e d  in n o i s e ,  r e l a t i v e  to the  q u i e t  c o n d i t i o n s .
Why t h e n  sh o u ld  n o i s e  o r  a  f o r e i g n  l a n g u a g e  t e x t  a i d  the  r e c a l l  
of a c o u s t i c a l l y  s i m i l a r  i t e m s  w hile  a r t i c u l a t i n g  a l o u d  i m p a i r s  th e  
r e c a l l  of  s u c h  i t e m s  (Wild ing  an d  M o h in d r a ,  1980,  E x p e r i m e n t  2 )?  
To  a n s w e r  t h i s  q u e s t i o n  we n e e d  to know  w ha t  c a u s e s  t h e  p h o n e m i c  
s i m i l a r i t y  e f f e c t  in  the  f i r s t  p l a c e  and  in w hat  w ay  d o e s  n o i s e  h e lp  
to r e d u c e  t h i s  e f f ec t .
A c c o r d i n g  to B a d d e l e y  and  H i tc h  (1974) a n d  B a d d e l e y  
(1976) , the  w o r k in g  m e m o r y  m o d e l  a t t r i b u t e s  the  p h o n e m i c  
s i m i l a r i t y  e f f e c t  to  u t i l i z a t i o n  of th e  a r t i c u l a t o r y  v e r b a l  loop .  It 
i s  a l s o  s u g g e s t e d  th a t  the  loop  i s  r e s p o n s i b l e  f o r  the  w o r d  l e n g th  
e f f e c t  w h e r e  w o r d s  of s h o r t  t e m p o r a l  d u r a t i o n  a r e  b e t t e r  r e c a l l e d  
t h a n  l o n g e r  i t e m s  (B ad d e ley ,  T h o m s o n  a n d  B u c h a n a n ,  1975). A  
c lu e  to the  p r o c e s s  w h ich  m ed;ia tes  bo th  the p h o n e m i c  s i m i l a r i t y
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a n d  the  w o r d  l e n g th  e f f ec t  h a s  b e e n  p r o v i d e d  in s t u d i e s  by C l i f ton  
a n d  T a s h  (1973) and  C h a s e  (1977).  T h e s e  i n v e s t i g a t o r s  s h o w e d  
th a t  i n c r e a s e d  a c o u s t i c  s i m i l a r i t y  an d  i n c r e a s e d  s y l l a b l e  d u r a t i o n  
s lo w  the  r a t e  a t  w h ich  s u b j e c t s  r e h e a r s e .  Could  i t  t h e n  be  th e  
c a s e  t h a t  n o i s e  i s  h av in g  a r e l a t e d  e f f e c t ?  If i t  d o e s ,  how  c a n  we 
e x p l a in  the  r e s u l t s  o b t a i n e d ?  In e f fec t ,  if n o i s e  s lo w s  th e  r a t e  of 
r e h e a r s a l  of in d iv id u a l  i t e m s ,  f e w e r  i t e m s  w ould  r e s i d e  in  th e  
lo o p  a t  any  one  t i m e ,  g iv e n  the  l i m i t e d  t e m p o r a l  c a p a c i t y  of t h e  
lo op .  T h i s  w ou ld  m e a n  th a t  f e w e r  c o n fu s io n s  of o r d e r  c o u ld  
o c c u r  an d  th a t  t h i s  ga in  cou ld  s o m e t i m e s  c o u n t e r a c t  the  r e d u c t i o n  
in th e  n u m b e r  of i t e m s  he ld .  T h i s  s u g g e s t i o n  co u ld  t h e r e f o r e  
e x p l a i n  the  i m p r o v e m e n t  o b ta in e d  by  Wild ing  an d  M o h i n d r a  (1980) 
in r e c a l l  p e r f o r m a n c e  of a c o u s t i c a l l y  s i m i l a r  i t e m s  d u r i n g  n o i s e ,  
s i n c e  i t  i s  p r e d i c t e d  th a t  the  b e n e f i t s  of th i s  r e d u c e d  i n t e r f e r e n c e  
w o u ld  b e  g r e a t e r  w hen  i t e m s  a r e  p h o n o lo g i c a l l y  s i m i l a r .  T h e  
e f f e c t  of n o i s e  on d i s s i m i l a r  i t e m s  would  be m a i n l y  a  r e d u c t i o n  
in  the  n u m b e r  of i t e m s  r e c a l l e d .  It s h o u ld  be  n o t e d  h o w e v e r ,  
th a t  the  i m p r o v e m e n t  o b t a in e d  b y  Wild ing  a n d  M o h i n d r a  f o r  
c o n f u s a b l e  i t e m s  w a s  on ly  a n  i m p r o v e m e n t  r e l a t i v e  to p e r f o r m a n c e  
of t h e s e  i t e m s  in th e  low  n o i s e  c o n d i t io n s ,  a n d  th a t  o v e r a l l  
p e r f o r m a n c e  f o r  c o n f u s a b le  i t e m s  w a s  a l w a y s  p o o r e r  t h a n  t h a t  
f o r  th e  n o n - c o n f u s a b l e  i t e m s .
The  n e x t  t h r e e  e x p e r i m e n t s  w e r e  c a r r i e d  ou t  in  
an  a t t e m p t  to  f ind  e m p i r i c a l  s u p p o r t  f o r  the above  p r o p o s i t i o n s .  
E x p e r i m e n t s  7 a n d  8 a t t e m p t e d  to m e a s u r e  the  e f f e c t  of n o i s e  
on r e h e a r s a l  r a t e  d i r e c t l y .  Two t a s k s  w e r e  i n v e s t i g a t e d  in
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t h e  f i r s t  e x p e r i m e n t :  r e a d i n g  l i s t s  of a c o u s t i c a l l y  s i m i l a r  a n d  
d i s s i m i l a r  c o n s o n a n t s  in n o i s e ,  and  o v e r t  r e h e a r s a l  of t h e s e  s a m e  
l i s t s  a l s o  in  n o i s e .  The  r e a d i n g  cond i t ion  s e r v e d  a s  a  c o n t r o l  so  
t h a t  i n c r e a s e s  in n o i s e  due s p e c i f i c a l l y  to  the  m e m o r y  c o m p o n e n t  
of th e  s e c o n d  t a s k  cou ld  be  i s o l a t e d .
E x p e r i m e n t  8 w a s  s i m i l a r  in  n a t u r e  an d  m a n i p u l a t e d  
s y l l a b i c  w o r d  l e n g th  a s  w e l l  as  a c o u s t i c  c o n f u s a b i l i t y  to  d e t e r m i n e  
w h e t h e r  e f f e c t s  of  n o i s e  on r a t e  of  r e h e a r s a l  of w o r d s  r e s e m b l e d  
th o s e  on c o n s o n a n t s .  T h e s e  two e x p e r i m e n t s  s u p p o r t e d  the  
p r e d i c t i o n  t h a t  n o i s e  would  s low  r e h e a r s a l .  T h e r e f o r e  E x p e r i m e n t  
9 t e s t e d  w ha t  i m p l i c a t i o n s  s low ing  of r e h e a r s a l  w ou ld  h a v e  on r e c a l l  
p e r f o r m a n c e  of l i s t s  of w o r d s .  It cou ld  be  p r e d i c t e d  th a t  s low ing  
of r e h e a r s a l  w ou ld  h a v e  d i f f e r e n t  e f f e c t s  on r e c a l l  d e p e n d in g  on 
f a c t o r s  s u c h  a s  i t e m  le n g th  ( c . f .  B a d d e ley ,  T h o m s o n  a n d  B u c h a n n a n ,  
1975 ) a n d  i t e m  c o n fu s a b i l i ty .  Wi lding and  M o h i n d r a  (1980) h a v e  
a l r e a d y  show n th a t  n o i s e  c an  i m p r o v e  r e c a l l  of s h o r t  (i. e . c o n s o n a n t )  
i t e m s  e s p e c i a l l y  w hen  t h e s e  a r e  c o n fu s a b le .  H o w e v e r  i n c r e a s e d  
d i s c r i m i n a b i l i t y  and  i n c r e a s e d  spoken  l e n g th  co u ld  p r o d u c e  a 
s i t u a t i o n  w h e r e  s low ing  of r e h e a r s a l  i m p a i r s  r e c a l l .  T h e r e f o r e  in  
E x p e r i m e n t  9, o r d e r e d  r e c a l l  of  w o r d s  of d i f f e r e n t  s p o k en  l e n g t h  
an d  lo w  a c o u s t i c  s i m i l a r i t y  w as  t e s t e d  to d e t e r m i n e  w h e t h e r  n o i s e  
(by s low ing  r e h e a r s a l )  would  i m p a i r  r e c a l l  of t h e s e  i t e m s .
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5. 1 E X P E R I M E N T  7
M ETH O D
T h i s  e x p e r i m e n t  w a s  d e s i g n e d  to  m e a s u r e  d i r e c t l y  
the  t i m e  t a k e n  to a r t i c u l a t e  s e q u e n c e s  of f ive  c o n s o n a n t s  d u r in g  
r e a d i n g  an d  r e h e a r s a l  a c t i v i t y  u n d e r  two l e v e l s  of c o n t in o u s  w h i te  
n o i s e  (65 and  85 dBC)  p r e s e n t e d  b in a u r  a l l y  t h r o u g h  h e a d p h o n e s -
D e s i g n  an d  S u b je c t s
12 s u b j e c t s  took  p a r t  in  the e x p e r i m e n t ,  w i th  e a c h  
e x p e r i e n c i n g  b o th  t a s k s  u n d e r  e a c h  l e v e l  of n o i s e .  T h e y  w e r e  s tu d e n t s  
a n d  p o s t g r a d u a t e s  f r o m  a l l  d e p a r t m e n t s  of B e d f o r d  C o l l e g e .  A l l  
s u b j e c t s  a t t e n d e d  two s e s s i o n s  on s u c c e s s i v e  d a y s  an d  e x p e r i e n c e d  
a  d i f f e r e n t  n o i s e  l e v e l  in e a c h  s e s s i o n .  The  o r d e r  of n o i s e  c o n d i t i o n s  
w a s  c o u n t e r b a l a n c e d  o v e r  s e s s i o n s  and  the  o r d e r  of the  t a s k  ( r e a d  
o r  r e h e a r s e )  w i th in  s e s s i o n s  w as  r a n d o m i s e d .
M a t e r i a l s
The  s t i m u l u s  m a t e r i a l  c o m p r i s e d  s e t s  of 5 c o n s o n a n t s  
d r a w n  f r o m  e i t h e r  th e  a c o u s t i c a l l y  co n fu s a b le  se t  B D G T P  o r  
f r o m  th e  a c o u s t i c a l l y  n o n -c o n fu s  ab le  s e t  H M J  R  Z.  T w e n ty  
r a n d o m  s e q u e n c e s  w e r e  g e n e r a t e d  wi th  m e a n i n g f u l  s e q u e n c e s  b e in g  
r e p l a c e d .  T e n  s e t s ,  e a c h ,  with  f ive  c o n fu s a b le  an d  f ive  n o n -  
c o n f u s a b l e  s e q u e n c e s  w e r e  u s e d  f o r  e a c h  of the  f o u r  n o i s e  x  t a s k  
c o m b i n a t i o n s .  The  s e t s  of  c o n s o n a n t s  w e r e  d i s p l a y e d  v i s u a l l y  
( s i m u l t a n e o u s l y )  on the  s c r e e n  of a C o m m o d o r e  " P E T "  c o m p u t e r .
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P r o c e d u r e
On e a c h  t r i a l  th e  s e q u e n c e  of c o n s o n a n t s  w a s  d i s p l a y e d  
a n d  th e  s u b j e c t  w a s  r e q u i r e d  to o v e r t l y  r e a d  o r  r e h e a r s e  i t  a s  
q u i c k ly  a s  p o s s i b l e  f ive  t i m e s  ( s u b j e c t s  k e p t  t r a c k  of the  n u m b e r  
of r e p e t i t i o n s  on t h e i r  f i n g e r s ) .  Once  the  s e t  of  c o n s o n a n t s  w a s  
on v i e w  s u b j e c t s  w e r e  a l lo w e d  a s  m u c h  t i m e  a s  th e y  w a n te d  to  
i n s p e c t  the  s e t  b e f o r e  beg inn ing  e i t h e r  the  t i m e d  r e a d i n g  o r  
r e h e a r s a l  a c t i v i t y .  As soon  a s  the s u b je c t  w as  r e a d y  to  b e g i n  
a r t i c u l a t i n g  h e / s h e  p r e s s e d  the  'R E T U R N '  key  on the  c o m p u t e r  
k e y b o a r d .  In the  r e h e a r s a l  t r i a l s  t h i s  a c t i o n  b l a n k e d  the  s c r e e n  
w hi le  th e  s u b j e c t s  r e h e a r s e d  the  s e t  of c o n s o n a n t s ,  bu t  in  the  
r e a d i n g  t r i a l s  th e  l e t t e r s  c o n t in u e d  to be shown.  In e a c h  c a s e  t h e i r  
o v e r t  r e s p o n s e  w a s  t a p e  r e c o r d e d  fo r  l a t e r  a n a l y s i s .
A n a l y s i s  of  r e s p o n s e s
T o t a l  a r t i c u l a t i o n  t i m e  w as  o b ta in e d  by  f e e d in g  the  
s u b j e c t s  r e c o r d e d  r e s p o n s e  in to  an  a n a lo g u e  to  d ig i t a l  c o n v e r t e r  
w h ic h  s a m p l e d  a t  a  r a t e  of  60 t i m e s  a  s e c o n d  f o r  the  p r e s e n c e  o r  
a b s e n c e  of s p e e c h .  T he  t i m e  f r o m  the  b eg in n in g  of the  f i r s t  
r e p e t i t i o n  of t h e  s t r i n g  of c o n s o n a n t s  to  the  end  of  th e  f i f th  r e p e t i t i o n  
r e p r e s e n t s  th e  d e p e n d e n t  v a r i a b l e .
R E S U L T S
M e a n  a r t i c u l a t i o n  t i m e s  p e r  i t e m  u n d e r  e a c h  c o m b i n a t i o n  
of N o i s e  X T a s k  X I t e m  type  w e r e  c a l c u l a t e d .  M e a n s  r e p r e s e n t i n g  th e  
s c o r e s  f o r  11 s u b j e c t s  w e r e  u s e d  f o r  a n a l y s i s  b e c a u s e  th e  r e s u l t s  of 
one  s u b j e c t  h a d  to  b e  d r o p p e d  due to f r e q u e n t  e r r o r s  an d  d y s f l u e n c i e s
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p r o d u c e d  b y  th a t  s u b j e c t  d u r in g  the  r e h e a r s a l  t r i a l s .
A  t h r e e - w a y  w i th in  s u b j e c t s  ANOVA c a r r i e d  out  on 
th e  a r t i c u l a t i o n  t i m e s  show e d  a s ig n i f i c a n t  m a i n  e f f e c t  of I t e m  ty p e  
( F = 1 0 . 3 2 ,  d. f. 1 ,1 0 ,  P< 0 .0 1 )  due to a c o u s t i c a l l y  c o n f u s a b le  i t e m s  
t a k in g  l o n g e r  to a r t i c u l a t e  t h a n  n o n - c o n fu s  a b l e  i t e m s .  Two 
s i g n i f i c a n t  i n t e r a c t i o n s  invo lv ing  n o i s e  w e r e  a l s o  found.  T h e s e  
w e r e  b e t w e e n  N o i s e  X T a s k  (F= 3. 28, d.f.  1, 10, P  =0. 05) a n d  
N o i s e  X T a s k  X I t e m  type  (F= 6. 5, d. f. 1, 10, P  < 0. 025) t e s t e d  by  a one  
t a i l e d  t e s t .  As  i t  w a s  p r e d i c t e d  t h a t  n o i s e  would  h a v e  a  g r e a t e r  
e f f e c t  on  a c o u s t i c a l l y  c o n f u s a b le  i t e m s  th a n  on n o n - c o n f u s a b l e  i t e m s  
(a s  fo u n d  b y  Wild ing  an d  M o h in d r a ,  1980) t h e  one  t a i l e d  t e s t  f o r  
th e  d i r e c t i o n  of th e  N o is e  X Task  an d  the  N o i s e  X T a s k  X I t e m  ty p e  
i n t e r a c t i o n  w a s  f e l t  to  be  ju s t i f i e d .  T h e  f o r m e r  of t h e s e  tw o 
i n t e r a c t i o n s  s h o w e d  th a t  w h i le  t h e  t i m e  t a k e n  to  a r t i c u l a t e  the  
c o n s o n a n t s  in  the  r e h e a r s a l  t a s k  i n c r e a s e d  d u r in g  loud  n o i s e ,  t h e r e  
w a s  no  e q u i v a l e n t  i n c r e a s e  d u r in g  the r e a d i n g  t a s k .  T h e  t i m e  t a k e n  
to r e a d  th e  a c o u s t i c a l l y  c o n fu s a b le  i t e m s  in n o i s e  a c t u a l l y  d e c r e a s e d  
w h e r e a s  t h a t  f o r  n o n - c o n f u s a b l e  i t e m s  s h o w e d  a  s l i g h t  i n c r e a s e .
T h e  s e c o n d  i n t e r a c t i o n  i s  shown in  F i g u r e  7. 1.
DISCUSSION
If, a s  s e e m s  p l a u s i b l e ,  the  r e h e a r s a l  t a s k  r e q u i r e s  
an  e x t r a  s t a g e ,  a  r e t r i e v a l  c o m p o n e n t  w h ich  i s  no t  p r e s e n t  d u r i n g  
r e a d i n g ,  th e  i n t e r a c t i o n s  o b ta in e d  po in t  to the  n o i s e  e f f e c t s  t a k in g  
p l a c e  a t  t h i s  s t a g e .  It h a s  b e e n  s u g g e s t e d  t h a t  s p e a k e r s  m o n i t o r  
t h e i r  ow n r e s p o n s e  and  c o n t in o u s ly  c o m p a r e  t h e  s i g n a l  p r o d u c e d
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to  t h a t  i n t e n d e d .  Such  a f e e d b a c k  c oup l ing  of a c o u s t i c  a n a l y s i s  
an d  m o t o r  c o n t r o l  w ou ld  p r o v i d e  a b a s i s  f o r  c o r r e c t i n g  a r t i c u l a t i o n  
if  i t  g o e s  a s t r a y  an d  cou ld  a id  in  the  o r g a n i z a t i o n  of s e q u e n c e s  of 
g e s t u r e s  ( B a r l o w  an d  A b b s ,  1978).
W hen  r e h e a r s a l  of a  s ing le  inpu t  i s  r e q u i r e d  f e e d b a c k  
i s  a l s o  n e e d e d  to m a i n t a i n  th e  i n t e r n a l  r e p r e s e n t a t i o n  of t h e  s t i m u l u s .  
In th e  r e a d i n g  t a s k  the  v i s u a l  s t i m u l u s  r e m a i n e d  p r e s e n t  a n d  the  
r e h e a r s a l  co u ld  be g u ide d  by c o n t in u a l  r e f e r e n c e  to the  s t i m u l u s ,  
bu t  in  th e  r e h e a r s a l  t a s k  the  on ly  s o u r c e  f o r  m a i n t a i n i n g  th e  i n t e r n a l  
r e p r e s e n t a t i o n  i s  the  f e e d b a c k  f r o m  the  p r e v i o u s  c y c l e .  S in c e  n o i s e  
o n ly  had  e f f e c t s  on the  r e h e a r s a l  t a s k ,  i t  m u s t  be a t  t h i s  s t a g e  t h a t  
n o i s e  e f f e c t s  o c c u r ,  e i t h e r  by  a f f e c t in g  the  q u a l i t y  of the  f e e d b a c k  
o r  th e  s p e e d  of  t r a n s f o r m i n g  i t  fo r  u s e  by  th e  a r t i c u l a t o r y  s y s t e m .
It w i l l  be  n o t e d  t h a t  the  c i r c u m s t a n c e s  p r e s e n t  in  the  r e a d i n g  
c o n d i t i o n  in  t h i s  e x p e r i m e n t  r e s e m b l e  c l o s e l y  t h o s e  w h ich  e x i s t e d  
in  e x p e r i m e n t  2, w h e r e  a g a i n  i t e m s  w e r e  p r e s e n t e d  s i m u l t a n e o u s l y ,  
bu t  on  t h a t  o c c a s i o n  f o r  m e m o r i z i n g .  A g a in  on  th a t  o c c a s i o n  i t e m s  
cou ld  be r e h e a r s e d  by  r e f e r e n c e  to the  s t i m u l i  on th e  s c r e e n  of the  
c o m p u t e r .  No e f f e c t s  of n o i s e  w e r e  o b s e r v e d  on r e c a l l  u n d e r  t h o s e  
c o n d i t i o n s  w h ich  f u r t h e r  s u g g e s t s  th a t  on ly  w hen  r e h e a r s a l  h a s  to  
r e l y  on s o m e  i n t e r n a l  r e p r e s e n t a t i o n  of the  t o - b e - r e m e m b e r e d  
m a t e r i a l  do n o i s e  e f f e c t s  b e c o m e  a p p a r e n t .
The  u s e  of  o v e r t  r e h e a r s a l  to  m e a s u r e  e f f e c t s  of  n o i s e  
on s p e e d  i s  o b v io u s ly  no t  i d e a l  f o r  t e s t i n g  w h a t  h a p p e n s  in  m e m o r y  
t a s k s  w h e r e  r e h e a r s a l  i s  c o v e r t .  H o w e v e r  s o m e  a t t e m p t s  to  m e a s u r e  
s p e e d  of  c o v e r t  r e h e a r s a l  s h o w e d  th a t  the  a b s e n c e  of c o n t r o l  o v e r
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t h e  a d e q u a c y  of p e r f o r m a n c e  r e n d e r e d  t h i s  m e t h o d  i m p r a c t i c a l .
M a n y  s u b j e c t s  w e r e  s e e n  to be m o u th in g  o r  s u b - a r t i c u l a t i n g  bu t  
s l u r r i n g  o v e r  i t e m s  a n d  m a k i n g  m a n y  e r r o r s .  It w i l l  be  n o t e d  
t h a t  e r r o r s  w e r e  c h e c k e d  an d  r e r u n  w hen  o v e r t  a r t i c u l a t i o n  w a s  
u s e d .  A c c o r d i n g l y  u n t i l  s o m e  m o r e  s a t i s f a c t o r y  m e t h o d  c a n  be  
d e v i s e d  to e v a l u a t e  c o v e r t  r e h e a r s a l ,  the  l e s s  s a t i s f a c t o r y  a l t e r n a t i v e  
of u s in g  o v e r t  r e h e a r s a l  h a s  b e e n  adop ted .  The  a b s e n c e  of  a n y  
e f f e c t  on  the  r e a d i n g  t a s k  i n d i c a t e s  th a t  i t  i s  no t  d e p e n d e n t  s i m p l y  
on o v e r t  a r t i c u l a t i o n ,  but  on s o m e  i n t e r n a l  p r o c e s s .
One po in t  to no te  h o w e v e r  w a s  the  l a c k  of a  N o i s e  
X C o n fu s io n  i n t e r a c t i o n .  It i s  p o s s i b l e  t h a t  b e c a u s e  i t e m s  w e r e  
p r e s e n t e d  h e r e  s i m u l t a n e o u s l y  f o r  a s  long a s  th e  s u b j e c t  r e q u i r e d  
to c o m m i t  t h e m  to  m e m o r y ,  s t r o n g  i n t e r - i t e m  a s s o c i a t i o n s  
o c c u r r e d  ( c . f .  E x p e r i m e n t  2). T h e r e f o r e  the  e f f e c t s  o b s e r v e d  
m a y  no t  be e n t i r e l y  e q u i v a l e n t  to  the  s i t u a t i o n  w h e r e  i t e m s  a r e  
p r e s e n t e d  s u c c e s s i v e l y  at  a  r a p i d  r a t e .  On th e  o t h e r  h a n d  t h i s  
m a y  i m p l y  t h a t  n o i s e  a d d s  a p p r o x i m a t e l y  a  c o n s t a n t  i n c r e m e n t  
to th e  c i r c u l a t i o n  t i m e  p e r  i t e m .  T h i s  i s  t e s t e d  a g a i n  in  the  
n e x t  e x p e r i m e n t  u s in g  a c o u s t i c a l l y  c o n fu s a b le  and  n o n - con fus  a b l e  
w o r d s  i n s t e a d  of c o n s o n a n t s .
5. 2 E X P E R I M E N T  8
M ETH O D
T h i s  e x p e r i m e n t  th o u g h  s i m i l a r  in  c o n c e p t  to E x p e r i m e n t  
7, v a r i e d  in  the  type  of s t i m u l u s  m a t e r i a l  u s e d .  S ingle w o r d s ,  o r  
l i s t s  c o n t a in in g  c o m b i n a t i o n s  of f o u r  w o r d s  w e r e  p r e s e n t e d ,  and
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s u b j e c t s  w e r e  r e q u i r e d  to r e a d  o r  r e h e a r s e  t h e s e  w o r d s  u n d e r  
two l e v e l s  of w h i te  n o i s e  (65 dBC o r  85 dBC).
S u b je c t s  an d  D e s ig n
T e n  s u b j e c t s  e a c h  p e r f o r m e d  t h r e e  t a s k s :  r e p e a t i n g
a l o u d  a s in g le  w o r d  f ive t i m e s ,  r e a d i n g  a lo u d  a  l i s t  of f o u r  d i f f e r e n t  
w o r d s  t h r e e  t i m e s  and  r e h e a r s i n g  a lo u d  a  l i s t  of f o u r  d i f f e r e n t  
w o r d s ,  a l s o  t h r e e  t i m e s .  In e a c h  c a s e  s u b j e c t s  w e r e  i n s t r u c t e d  to 
a r t i c u l a t e  a s  q u ic k ly  a s  th e y  cou ld .  E a c h  s u b je c t  a t t e n d e d  two 
s e p a r a t e  s e s s i o n s  and  e x p e r i e n c e d  65 dBC n o i s e  on one s e s s i o n  
a n d  85 d B C  n o i s e  on the  o t h e r .  The  o r d e r  in  w h ic h  th e  n o i s e  
o c c u r r e d  w a s  b a l a n c e d  s u c h  th a t  h a l f  the  s u b j e c t s  h a d  t h e  65 dB C  
c o n d i t i o n  f i r s t .  S u b je c t s  w e r e  p o s t g r a d u a t e s  o r  m e m b e r s  of the  
t e a c h i n g  s ta f f  of B e d f o r d  C o l lege .
S t i m u l u s  M a t e r i a l s
E ig h t  s e t s  co n ta in in g  f o u r  w o r d s  e a c h  w e r e  u s e d  :
( s e e  T a b l e  8. 1). T h e s e  i n c lu d e d  s e t s  of w o r d s  u s e d  in  a n  e x p e r i m e n t  
by  B a d d e l e y  e t  a l .  (1975), E x p e r i m e n t  3; o t h e r s  w e r e  a d d e d  b y  the  
p r e s e n t  a u t h o r .  T h e s e  s e t s  v a r i e d  a c c o r d i n g  to th e  n u m b e r  of  
s y l l a b l e s  the  w o r d s  c o n t a in e d  - 1 o r  2, the  l e n g th  of the  w o r d s  
in s p o k e n  d u r a t i o n  - s h o r t  o r  long,  an d  a c o u s t i c  con fus  a b i l i t y  - 
h ig h  o r  low. F o u r  l i s t s  w e r e  d e r i v e d  f o r  e a c h  s e t  of  f o u r  w o r d s  
b y  r a n d o m i z i n g  the  o r d e r  of o c c u r r e n c e  of the  w o r d s .  One 
of t h e s e  l i s t s  w a s  u s e d  d u r in g  th e  r e a d i n g  t r i a l s ,  the  o t h e r  t h r e e  
b e in g  u s e d  in the  r e h e a r s a l  t r i a l s .  A s in g le  l i s t  c o n ta in in g  a l l  
32 w o r d s ,  w a s  a l s o  p r o d u c e d ,  w i th  th e  o r d e r  of o c c u r r e n c e  of  
w o r d s  b e i n g  r a n d o m i z e d .  In a l l  c a s e s  the  s t i m u l u s  m a t e r i a l
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T a b l e  8. 1 
S t im u lu s  m a t e r i a l  u s e d  in E x p e r i m e n t  8
One - s y l l a b l e T wo - s y l l a b l e s
s h o r t long s h o r t long
Low  a c o u s t i c P in C r a n e E m b e r C o e r c e
s i m i l a r i t y Hot Yie ld P e c t i n H u m a n e
L ap W o r s t B i s h o p Cyc lone
Bug T w ice P e w t e r H a r p o o n
H igh  a c o u s t i c Cad B e a d D ucking D e c l a i m
s i m i l a r i t y Cap B e e t Topp ing D e t a i n
Can B e a n T app ing T e r r a i n
Cab B e a m P i c k i n g P e r t a i n
w a s  d i s p l a y e d  v i s u a l l y  on the s c r e e n  of a C o m m o d o r e  ' P E T '
c o m p u t e r .  N o i s e  w as  p r e s e n t e d  to s u b j e c t s  in  the  s a m e  w ay  a s  in  
E x p e r i m e n t  7.
P r o c e d u r e
T h i s  r e s e m b l e d  a s  c l o s e l y  a s  p o s s i b l e  the  p r o c e d u r e  
u s e d  in  E x p e r i m e n t  7. In the  c a s e  of the 32 w o r d  l i s t ,  a  s i n g l e  
w o r d  w a s  d i s p l a y e d  an d  th e  s u b j e c t s  w e r e  r e q u i r e d  to  r e p e a t  
th e  w o r d  f ive  t i m e s ,  a s  q u ic k ly  a s  p o s s i b l e .  T he  e x p e r i m e n t e r  
m o n i t o r e d  the  a c c u r a c y  of  the  n u m b e r  of r e p e t i t i o n s .  F o r  th e  
r e m a i n i n g  two t a s k s ,  l i s t s  of f o u r  w o r d s  w e r e  d i s p l a y e d  ( a l l  w o r d s  
a p p e a r e d  s i m u l t a n e o u s l y  on the  s c r e e n ) ,  a n d  th e  s u b j e c t s  w e r e  
r e q u i r e d  to r e a d  o r  r e h e a r s e  t h e m  a s  q u ic k ly  a s  p o s s i b l e ,  t h r e e  
t i m e s .  To e n s u r e  th a t  a l l  r e s p o n s e s ,  d u r in g  the  r e h e a r s a l  t a s k ,  
w e r e  f r e e  f r o m  o r d e r  e r r o r s  o r  d y s f l u e n c i e s ,  s u b j e c t s  w e r e  
a l l o w e d  to r e s t a r t  t h e  t i m e d  r e h e a r s a l  by  p r e s s i n g  a s p e c i a l l y
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l a b e l l e d  key .  The  l i s t  of w o r d s  th e n  r e a p p e a r e d  and  the  s u b j e c t s  
c o u ld  c o n t in u e ,  a s  i f  the  l i s t  had  b e e n  p r e s e n t e d  f o r  the  f i r s t  
t i m e  o F  o r  a l l  th e  t a s k s  th e  d e p e n d e n t  v a r i a b l e  w a s  th e  t i m e  
t a k e n  to c a r r y  out  th e  r e q u i r e d  a r t i c u l a t i o n ,  a n d  w a s  m e a s u r e d  
in th e  s a m e  w a y  a s  d e s c r i b e d  in  E x p e r i m e n t  7. In e a c h  c a s e  
s u b j e c t s  o v e r t  r e s p o n s e s  w e r e  a l s o  t a p e  r e c o r d e d  f o r  f u r t h e r  
d e t a i l e d  a n a l y s i s .  H e r e ,  h o w e v e r ,  in c o n t r a s t  to E x p e r i m e n t  7 
w h e r e  s u b j e c t s  r e c o r d e d  r e s p o n s e  w a s  f e d  in to  an  a n a l o g u e  to 
d i g i t a l  c o n v e r t e r  to ob ta in  t o t a l  a r t i c u l a t i o n  t i m e ,  th e  t i m e  
b e t w e e n  s u b j e c t ' s  two k e y  p r e s s e s  in d i c a t i n g  t h e  b e g in n in g  a n d  
the  en d  of the  a r t i c u l a t i o n  p e r i o d  w a s  u s e d .  W hen t h e  d a t a  
o b t a in e d  in  E x p e r i m e n t  7 w e r e  a n a l y s e d  in t h i s  way ,  t h i s  s i m p l e r  
m e a s u r e  w a s  found  to p r o v i d e  e x a c t ly  the  s a m e  p a t t e r n  of r e s u l t s  
a s  t h e  m e a s u r e  o b t a i n e d  b y  m e a s u r i n g  a r t i c u l a t i o n  t i m e  on t a p e .
R E S U L T S
M e a n  a r t i c u l a t i o n  t i m e s  p e r  i t e m  w e r e  c a l c u l a t e d  
f o r  e a c h  t a s k  and  f o r  e a c h  c o m b i n a t i o n  of th e  n o i s e ,  n u m b e r  of 
s y l l a b l e s  , s p o k e n  l e n g t h  and  c o n f u s a b i l i t y  f a c t o r s .  A  f o u r  w a y  
w i t h i n - s u b j e c t  ANOVA c a r r i e d  out on the  m e a n  a r t i c u l a t i o n  
t i m e s  f o r  t h e  s in g le  w o r d  r e p e t i t i o n s  s h o w e d  no  s ig n i f i c a n t  
e f f e c t s  of n o i s e  (F  < 1) n o r  an y  s ig n i f i c a n t  i n t e r a c t i o n  in v o lv in g  
n o i s e .  H o w e v e r  m a i n  e f f e c t s  of  n u m b e r  of s y l l a b l e s  (F= 33.  79,  
d. f. 1 , 9 , P  < 0. 001) a n d  of  s p o k e n  l e n g th  (F= 63.  95, d. f.  1 , 9 ,
P  < 0. 001). w e r e  s ig n i f i c a n t ,  showing  th a t  tw o s y l l a b l e  w o r d s  of 
long  s p o k e n  l e n g t h  w e r e  r e p e a t e d  m o r e  s lo w ly  th a n  one  s y l l a b l e
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w o r d s  an d  w o r d s  of s h o r t  s p o k e n  leng th .  The  t w o - w a y  i n t e r a c t i o n  
b e t w e e n  s p o k e n  l e n g t h  and  c o n f u s a b i l i t y  a l s o  r e a c h e d  s i g n i f i c a n c e  
(F = 1 8 . 8 5 ,  d . f .  1 , 9 ,  P  < 0. 01 ) showing th a t  a l t h o u g h  s h o r t  s p o k e n  
l e n g th ,  c o n f u s a b le  w o r d s  w e r e  a r t i c u l a t e d  m o r e  q u ic k ly  t h a n  
t h e i r  n o n - c o n f u s  ab le  c o u n t e r p a r t s ,  the  o p p o s i t e  w a s  t r u e  f o r  
th e  l o n g  sp o k e n  l e n g th  c o n fu s a b le  i t e m s .
The  m e a n  a r t i c u l a t i o n  t i m e s  f o r  th e  tw o r e m a i n i n g  
t a s k s  w e r e  s u b j e c t e d  to  a f i v e - w a y  w i t h i n - s u b j e c t  ANOVA.
M a in  e f f e c t s  of N o i s e  (F  = 6. 59, d . f .  1 ,9 ,  P < 0 . 0 5 ) ;  T a s k  (F=
1 0 . 4 5 ,  d . f .  1 ,9 ,  P  *^0.01); Spoken  l e n g t h  (F  = 62. 35, d . f .  1 , 9 ,
P  < 0. GO 1 ); N u m b e r  of s y l l a b l e s  (F  = 24. 64, d. f . 1 , 9 ,  P  < 0 . 0 1 )  
a n d  A c o u s t i c  c o n f u s a b i l i t y  (F= 1 7 . 0 ,  d . f .  1 , 9 ,  P  < 0 . 0 1 )  w e r e  
a l l  s i g n i f i c a n t .  A r t i c u l a t i o n  t i m e  w as  found to  be  l o n g e r  in  lo u d  
n o i s e  t h a n  qu ie t ,  l o n g e r  d u r in g  the  r e h e a r s a l  t h a n  r e a d i n g  c o n d i t i o n s ,  
l o n g e r  f o r  two s y l l a b l e  t h a n  one s y l l a b l e  w o r d s ,  l o n g e r  f o r  w o r d s  
of long  s p o k e n  l e n g th  t h a n  w o r d s  of s h o r t  s p o k e n  l e n g th  an d  l o n g e r  
f o r  w o r d s  of h ig h  c o n f u s a b i l i t y  th a n  f o r  w o r d s  of low  c o n f u s a b i l i t y .
Two i n t e r a c t i o n s  invo lv ing  N o is e  a l s o  r e a c h e d  
s i g n i f i c a n c e :  f i r s t  of t h e s e  w a s  the  i n t e r a c t i o n  of N o i s e  X T a s k  
(F= 4 . 4 1 ,  d . f .  1 , 9 ,  P  < 0. 05 on a  one t a i l e d  t e s t )  w h ich  s h o w e d  
t h a t  n o i s e  s lo w e d  a r t i c u l a t i o n  in  the  r e h e a r s a l  t a s k  by  4 1 m s  
p e r  i t e m  an d  in  th e  r e a d i n g  t a s k  by only  2. 8 m s  p e r  i t e m .  T h e  
s e c o n d  i n t e r a c t i o n  i n v o lv e d  th e  f a c t o r s  N o i s e ,  T a s k  an d  S po k en  
l e n g t h  (F=  8. 73,  d . f .  1 ,9 ,  P <  0 .0 2 5 ) .  T h i s  i s  show n in  F i g u r e  
8 . 1 .  If  we  c o n s i d e r  j u s t  the  s h o r t  sp o k e n  l e n g th  i t e m s  f i r s t
th e  r e s u l t s  show  th a t  a l th o u g h  r e h e a r s a l  i s  s l o w e r  t h a n  r e a d i n g .
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n o i s e  on ly  h a s  a s l igh t  e f fec t  on bo th  t a s k s .  F o r  the  long  i t e m s  
h o w e v e r ,  the  p i c t u r e  i s  d i f f e r e n t ;  n o i s e  h a s  a m a r k e d  i m p a i r i n g  
e f f e c t  in  th e  r e h e a r s a l  co n d i t io n s  a n d  a s m a l l  i m p r o v i n g  e f f e c t  
in the  r e a d i n g  co n d i t io n s .
O th e r  s ig n i f i c a n t  i n t e r a c t i o n s  i n c lu d e d  the  f a c t o r s  
T a s k ,  N u m b e r  of  s y l l a b l e s .  Spoken  l e n g th  a n d  C o n fu s a b i l i ty .  
C l o s e r  e x a m i n a t i o n  of the h ig h e s t  o r d e r  i n t e r a c t i o n  of t h e s e  
f a c t o r s  (F= 6. 67,  d. f. 1 ,9 ,  P  < 0. 05) s h o w e d  th a t  t h i s  e f f e c t  
m a y  w e l l  hav e  b e e n  due to the  r e l a t i v e l y  f a s t  p e r f o r m a n c e  of 
th e  2 s y l l a b l e ,  s h o r t  sp o k e n  l e n g th ,  c o n f u s a b le  i t e m s  ( tapp ing ,  
to p p in g  e t c . ) in the  r e h e a r s a l  t a s k .  T h i s  e f f ec t  w o u ld  n e e d  
r e p l i c a t i n g  w i th  o t h e r  w o r d  l i s t s  b e f o r e  any  w e ig h t  c a n  be  p l a c e d  
on i t ,  t h e r e f o r e  i t  w i l l  no t  be c o n s i d e r e d  f u r t h e r .  T h e  m a i n  
f in d in g s  t h e r e f o r e  a r e  t h a t  n o i s e  s low s  p e r f o r m a n c e  in  the  
r e h e a r s a l  t a s k ,  e s p e c i a l l y  w i th  w o r d s  of long  s p o k e n  l e n g th .  
A g a i n  no c o n f u s a b i l i t y  by n o i s e  i n t e r a c t i o n  w a s  o b s e r v e d  in  
t h e s e  d a t a .  T h i s  t h e r e f o r e  c o n f i r m s  the  p o s s i b i l i t y  t h a t  n o i s e  
a d d s  a c o n s t a n t  i n c r e m e n t  to the  a r t i c u l a t i o n  t i m e .  In t h e  c a s e  
of w o r d s  h o w e v e r ,  no  m e a s u r e  w a s  a v a i l a b l e  of th e  d e g r e e  of 
c o n f u s a b i l i t y .  T h i s  cou ld  only  be  g a u g e d  f r o m  the  d i f f i c u l ty  
w h ic h  s u b j e c t s  e x p r e s s e d  when  l e a r n i n g  p a r t i c u l a r  s e t s  of  
i t e m s .  The  s e t  D e c l a i m ,  D e ta in  e t c .  w a s  f e l t  by  m o s t  s u b j e c t s  
to be  th e  m o s t  d i f f i cu l t  ( th is  w as  e s t a b l i s h e d  f r o m  th e  n u m b e r  
of r e s t a r t s  th e  s u b j e c t s  m a d e  in th e  r e h e a r s a l  t r i a l s )  c l o s e l y  
fo l l o w e d  by  th e  s e t  B ead ,  B e a n  e tc .  The  T a p p in g ,  T o p p in g  s e t  
c r e a t e d  the  l e a s t  n u m b e r  of p r o b l e m s .
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In o r d e r  to d i s c o v e r  w h e r e  the  m a j o r  e f f e c t s  of 
n o i s e  w e r e  c o n c e n t r a t e d ,  m o r e  d e t a i l e d  a n a l y s i s  of the  s p o k e n  
r e s p o n s e  of t h r e e  s u b j e c t s  showing the  l a r g e s t  i m p a i r m e n t  on 
p e r f o r m a n c e  in  loud  n o i s e ,  w as  u n d e r t a k e n .  T h i s  in v o lv e d  
a n a l y s i n g  r e s p o n s e s  d u r in g  the  r e a d i n g  and  r e h e a r s a l  t r i a l s  
of 4 w o r d  l i s t s ,  by  d ig i t i z in g  t h e i r  r e c o r d e d  s p e e c h  on a c o m p u t e r  
s a m p l i n g  a t  a  r a t e  of  60 t i m e s  a s e c o n d  f o r  the  p r e s e n c e  o r  
a b s e n c e  of s p e e c h .  T h i s  m e t h o d  a l l o w e d  th e  d u r a t i o n  t i m e  
f o r  e a c h  a r t i c u l a t e d  i t e m ,  a s  w e l l  a s  the  l e n g th  of t h e  p a u s e  
b e t w e e n  i t e m s  to be m e a s u r e d .
T a b le  8. 2 show s  th e  m e a n  l e n g th  p e r  i t e m  a n d  m e a n  
l e n g t h  of  p a u s e  b e t w e e n  i t e m s ,  f o r  e a c h  i t e m  in  th e  e ig h t  l i s t  
t y p e s  in  th e  two n o i s e  l e v e l s .  A n a l y s i s  of t h i s  d a t a  s h o w e d  
t h a t  in  t h e  r e h e a r s a l  c o n d i t io n s  n o i s e  c o n s i s t e n t l y  s l o w e d  the  
s p o k e n  d u r a t i o n  of th e  i t e m s .  One d a t a  p o in t  w a s  m i s s i n g  but  
a l l  th e  r e m a i n i n g  23 c o m p a r i s o n s  (3 Ss x  8 c o m p a r i s o n s )  w e r e  
in  t h e  s a m e  d i r e c t i o n  ( P  < 0 . 0 0 1  by a  b i n o m i a l  t e s t ,  c oun t ing  the  
m i s s i n g  po in t  a g a i n s t  the  p r e d i c t i o n ) .  H o w e v e r ,  n o i s e  h a d  no 
c o n s i s t e n t  e f f ec t  on the  p a u s e  t i m e  b e t w e e n  i t e m s .  (On 1 1 /2 4  
o c c a s i o n s ,  P  > 0. 05,  th e  p a u s e  t i m e  w a s  l a r g e r  in  n o i s e  ). T h e  
e f f e c t  of n o i s e  on th e  r e a d i n g  t a s k  did no t  show  th e  s a m e  t r e n d .
On t h e  d u r a t i o n  m e a s u r e  1 1 /2 4  p o i n t s ,  P >  0. 05, w e r e  l a r g e r  in  
n o i s e ,  a n d  on the  p a u s e  m e a s u r e  9 / 2 4 ,  P >  0. 0 5 , p a u s e s  w e r e  
l o n g e r  in  n o i s e .
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TABLE 8 .2
MEAN DURATION [D] AND PAUSE TIME (P] PER IT01 (MSECS) FOR EACH LIST 
TYPE, IN ALL CONDITIONS
READ
NO. OF SYL LENGTH OF
SPOKEN
DURATION
REHEARSE
ACOUSTIC
CONFUSA­
BILITY
65dBC BSdBC 65dBC BSdBC
D P D P D P D P
SHORT NC 1GB 130 188 100 155 144 189 130
1 SYL C 201 214 214 196 196 288 225 293
LONG NC 201 164 247 121 200 185 263 154
C 239 223 215 167 239 238 292 298
SHORT NC 280 142 242 126 222 171 311 156
2 SYL C 301 141 329 133 279 215 351 233
LONG NC 310 141 351 148 347 203 413 185
C 355 176 308 188 372 295 432 332
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DISCUSSION
T he  m a i n  f ind ing  of t h i s  e x p e r i m e n t  w a s  t h a t  n o i s e  
s l o w e d  the  r a t e  of r e h e a r s a l ,  e s p e c i a l l y  f o r  w o r d s  of long  s p o k e n  
l e n g th ,  but  h a d  no  e f f e c t s  when  w o r d s  w e r e  r e q u i r e d  to be r e a d .  
T h i s  s u p p o r t s  the  f ind ings  f r o m  th e  p r e v i o u s  e x p e r i m e n t ,  w h e r e  
s i m i l a r  e f f e c t s  w e r e  o b s e r v e d  u s in g  s e q u e n c e s  of c o n s o n a n t s .
T h i s  s u g g e s t s  t h a t  the  e f f e c t s  of n o i s e  a r e  c o n c e n t r a t e d  on th e  
r e h e a r s a l  o r  r e t r i e v a l  s t a g e s  of th e  m e m o r y  p r o c e s s .  In o r d e r  
to d i s t i n g u i s h  b e t w e e n  t h e s e  p o s s i b l e  e x p l a n a t i o n s ,  d e t a i l e d  
a n a l y s i s  of th e  a r t i c u l a t e d  d u r a t i o n  of e a c h  i t e m  a n d  the  p a u s e  
b e t w e e n  i t e m s  w a s  i n v e s t i g a t e d .  A n a l y s i s  s h o w e d  t h a t  n o i s e  
a f f e c t e d  r e h e a r s a l  r a t e  by  i n c r e a s i n g  on ly  th e  d u r a t i o n  of e a c h  
i t e m  a n d  no t  t h e  p a u s e .  But  t h e r e  i s  no a p p a r e n t  w a y  of 
s e p a r a t i n g  r e t r i e v a l  o r  s e a r c h  t i m e  d u r in g  u t t e r a n c e s ,  f r o m  
s e a r c h  t i m e  b e t w e e n  s u c c e s s i v e  u t t e r a n c e s ,  b e c a u s e  i t e m s  a r e  
c o n s t a n t l y  b e in g  r e t r i e v e d  th ro u g h o u t  the  t i m e  t a k e n  f o r  r e s p o n d i n g .  
In o t h e r  w o r d s  s u b j e c t s  cou ld  be  s e a r c h i n g  f o r  th e  n e x t  i t e m  w h i le  
a r t i c u l a t i n g  th e  c u r r e n t  i t e m .  I n s t e a d  th e  r e s u l t s  c o n c l u s i v e l y  
s h o w  th a t  the  i n c r e a s e  in d u r a t i o n  of th e  u t t e r a n c e ,  d u r i n g  th e  
r e h e a r s a l  t a s k ,  c an n o t  be a t t r i b u t e d  to  p r e v e n t i o n  of the  a c o u s t i c  
f e e d b a c k  by  n o i s e  (a s i t u a t i o n  a n a lo g o u s  to d e l a y e d  a u d i t o r y  
f e e d b a c k )  b e c a u s e  no  e q u iv a le n t  i n c r e a s e  w a s  found  in  th e  r e a d i n g  
t a s k .
So w ha t  h a s  b e e n  shown so f a r  i s  t h a t  n o i s e  s l o w s  
th e  r a t e  of r e h e a r s a l .  What e f f e c t s ,  i f  any ,  w i l l  t h i s  i m p a i r m e n t  
h a v e  on  m e m o r y  p e r f o r m a n c e ?  A s  h a s  b e e n  p o i n t e d  ou t  b e f o r e .
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m e m o r y  p e r f o r m a n c e  f o r  s h o r t  c o n f u s a b le  s t r i n g s  m a y  be  
i m p r o v e d  by  n o i s e ,  b e c a u s e  of the  r e d u c e d  i n t e r - i t e m  i n t e r f e r e n c e  
H o w e v e r ,  if i t e m s  o c c u p y  m o r e  t i m e  in the  a r t i c u l a t o r y  loop  
t h a n  c o n s o n a n t  n a m e s ,  s low ing  down the  r a t e  of r e h e a r s a l  
m a y  h a v e  th e  o p p o s i t e  e f f ec t  of i m p a i r i n g  m e m o r y  p e r f o r m a n c e .  
T h e  n e x t  e x p e r i m e n t  w as  c a r r i e d  out  to t e s t  t h i s  p r o p o s i t i o n .  
B a d d e l e y ,  T h o m s o n  an d  B u c h a n a n ,  (1975) h a v e  sh o w n  t h a t  s h o r t  
t e r m  m e m o r y  s p a n  i s  not  c o n s t a n t ,  bu t  v a r i e s  w i th  l e n g t h  of the  
w o r d s  to  be  r e c a l l e d .  T h e y  d e m o n s t r a t e d  t h a t  i f  the  n u m b e r  of 
s y l l a b l e s  an d  the n u m b e r  of p h o n e m e s  a r e  h e l d  c o n s t a n t ,  w o r d s  
of s h o r t  t e m p o r a l  d u r a t i o n  a r e  b e t t e r  r e c a l l e d  t h a n  w o r d s  of 
long  d u r a t i o n  a s  long  a s  th e  w o r d s  a r e  p r e s e n t e d  v i s u a l l y .
On th e  b a s i s  of  t h i s  an d  the  r e s u l t s  of th e  l a s t  e x p e r i m e n t  we 
c a n  p r e d i c t  t h a t  in n o i s e  f e w e r  w o r d s  would  be h e l d  in  a  l i m i t e d  
t e m p o r a l  c a p a c i t y  s t o r e  an d  th a t  the  n u m b e r  of w o r d s  h e l d  w i l l  
d e p e n d  on the  s p o k e n  l e n g th  of the  w o r d s .  C o n t r a r y  to  t h i s  
p r e d i c t i o n ,  i f  we fo l low  H a m i l to n ,  H o c k e y  a n d  R e j m a n ’s (1977) 
p r o p o s i t i o n  t h a t  n o i s e  s p e e d s  up the  r a t e  of t h r o u g h p u t  of 
i n f o r m a t i o n ,  we m i g h t  p r e d i c t  t h a t  th e  w o r d  l e n g t h  e f f e c t  w o u ld  
d i s a p p e a r  in n o i s e  o r  t h a t  n o i s e  s h o u ld  h a v e  no e f f e c t  r e l a t i v e  
to q u ie t  i f  bo th  long  a n d  s h o r t  w o r d s  a r e  e q u a l ly  a f f e c t e d .
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5. 3 E X P E R I M E N T  9
M E T H O D
D e s i g n  an d  S u b je c t s
20 s u b j e c t s  w e r e  r u n  u n d e r  e a c h  n o i s e  c o n d i t io n  
(65 o r  85 dBC) in  g r o u p s  of 10, h a l f  of e a c h  g r o u p  e x p e r i e n c i n g  
e a c h  l e v e l  of n o i s e .  The  n o i s e  w a s  p r e s e n t e d  b i n a u r a l l y  t h r o u g h  
h e a d p h o n e s .  Al l  the  s u b j e c t s  who p a r t i c i p a t e d  w e r e  s t u d e n t s  
a t t e n d i n g  G o l d s m i t h s '  C o l lege .
S t i m u l u s  m a t e r i a l s
The two s e t s  of w o r d s  c h o s e n  by B a d d e l e y  e t  a l .  
(1 975 , E x p e r i m e n t  4) w e r e  u s e d .  T h e s e  two s e t s  d i f f e r e d  in  
s p o k e n  d u r a t i o n  (m e a n  d u r a t i o n  of the  long  w o r d s  w a s  0 . 7 7 s  
a n d  f o r  the  s h o r t  w o r d s  w a s  0 . 4 6 s )  a s  m e a s u r e d  by  B a d d e l e y  
e t  a l . ,  bu t  w e r e  e q u a l  in  n u m b e r  of p h o n e m e s  a n d  s y l l a b l e s .
A l l  w o r d s  h a d  a l s o  b e e n  m a t c h e d  f o r  w o r d  f r e q u e n c y .  F r o m  
b o th  s e t s  of  w o r d s  f ive  l i s t s  of f ive w o r d s  e a c h  w e r e  d e r i v e d  
by  r a n d o m i z i n g  th e  o r d e r  of o c c u r r e n c e .  The  t e n  l i s t s  w e r e  
t h e n  p r e s e n t e d  v i s u a l l y  u s in g  a  s l id e  p r o j e c t o r  c o u p l e d  to  a  
d i g i t i m e r ,  a t  a  r a t e  of 2s p e r  w o rd .  The  o r d e r  in  w h ic h  th e  
l i s t s  w e r e  p r e s e n t e d  w as  a l s o  r a n d o n i z e d .
P r o c e d u r e
B e f o r e  the  e x p e r i m e n t  s t a r t e d  th e  s u b j e c t s  w e r e  
f a m i l i a r i z e d  w i th  th e  two s e t s  of  w o r d s  an d  to ld  to  b e g i n  r e c a l l  
w hen  th e  b l a n k  s l id e  a t  the  end  of e a c h  l i s t  a p p e a r e d .  T h e y  
w e r e  i n s t r u c t e d  to w r i t e  th e  w o r d s  t h e y  r e c a l l e d  in  th e  o r d e r
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in  w h ich  the  w o r d s  had  b e e n  p r e s e n t e d  on s p e c i a l l y  p r e p a r e d  
c a r d s .  N o i s e  w a s  s w i t c h e d  on 2s b e f o r e  the  p r e s e n t a t i o n  of 
th e  f i r s t  w o r d  an d  co n t in u e d  un t i l  the  a p p e a r a n c e  of the  b la n k  
s l i d e .  A gap  of 30s w as  l e f t  b e t w e e n  l i s t s  f o r  s u b j e c t ' s  r e c a l l  
a n d  no  n o i s e  w a s  p r e s e n t e d  d u r in g  th i s  p e r i o d .
R E S U L T S  AND DISCUSSION
The r e s u l t s  c o n s i s t e d  of the  p r o b a b i l i t y  of 
r e c a l l i n g  e a c h  w o r d  in  i t s  c o r r e c t  l i s t  p o s i t i o n  - u n d e r  e a c h  
c o m b i n a t i o n  of  n o i s e  an d  w o r d  leng th .  A f o u r - w a y  ANOVA 
i n c o r p o r a t i n g  n o i s e  and  s u b j e c t s  a s  b e t w e e n - g r o u p  v a r i a b l e s  
a n d  w o r d  l e n g th  an d  s e r i a l  p o s i t i o n  a s  w i t h i n - g r o u p  v a r i a b l e s  
r e v e a l e d  s i g n i f i c a n t  m a i n  e f f e c t s  of w o r d  l e n g t h  (F= 5. 661,  d . f  
1 , 3 8 ,  P< 0. 025) and  s e r i a l  p o s i t i o n  (F= 59 . 878,  d . f .  4,  160,
P <  0. 001).
H o w e v e r  the f i r s t  o r d e r  i n t e r a c t i o n  of N o i s e  
a n d  W o r d  l e n g t h  d id  no t  r e a c h  s ig n i f i c a n c e .  I n s t e a d ,  t h e r e  
w a s  a  s e c o n d - o r d e r  i n t e r a c t i o n  b e t w e e n  N o i s e ,  W o r d  l e n g t h  
a n d  S e r i a l  p o s i t i o n  (F= 4. 21, d . f .  4, 152, P <  0 . 0 1 )  w h ich  
i s  sh o w n  in  F i g u r e  9. 1. T h i s  sh o w e d  th a t  n o i s e  m a i n l y  
a f f e c t e d  long  w o r d s  in  the e a r l y  s e r i a l  p o s i t i o n s .  A n  u n p la n n e d  
c o m p a r i s o n  of t h e  N o i s e  X W o rd  l e n g th  i n t e r a c t i o n  a t  s e r i a l  
p o s i t i o n s  2 an d  3 c o m p a r e d  a g a i n s t  the  o t h e r  s e r i a l  p o s i t i o n s  
sh o w e d  th a t  th e  s o u r c e  of the i n t e r a c t i o n  a r o s e  f r o m  th e  p o o r  
r e c a l l  of  long  i t e m s  in  t h e s e  p o s i t i o n s ,  w h e n  e x p o s e d  to n o i s e  
(F= 1 4 . 0 3 ,  d . f .  1 ,1 5 2 ,  P <  0. 01 on a  S chef fe  t e s t ) .
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position in the following conditions: 65dBC/
short O — -O, 65dBC/long A A , 85dBC/short
O O, 85dBC/long A A.
138
T h e s e  r e s u l t s  w e r e  i n t e r p r e t e d  a s  show ing  th a t  
the  e f f e c t s  of n o i s e  on m e m o r y  p e r f o r m a n c e  d e p e n d  on the  
s p o k e n  l e n g th  of the  w o r d s .  As p r e d i c t e d  m e m o r y  p e r f o r m a n c e  
on l o n g e r  w o r d s  w a s  p o o r e r  in n o i s e  t h a n  th a t  on s h o r t e r  
w o r d s ,  e s p e c i a l l y  f o r  long  w o r d s  p r e s e n t e d  e a r l i e r  in  t h e  l i s t .
It i s  i n t e r e s t i n g  th a t  t h i s  d e c r e m e n t  d o e s  n o t  o c c u r  f o r  i t e m s  
p r e s e n t e d  a t  th e  end  of the  l i s t ,  a s  t h i s  w o u ld  i n d i c a t e  t h a t  
l a t e r  i t e m s  h a d  no t  b e e n  a t t e n d e d  to .  I n s t e a d ,  w ha t  s e e m s  
m o r e  p l a u s i b l e  i s  th a t  i t e m s  in p o s i t i o n s  2 and  3 a r e  d i s p l a c e d  
in  th e  r e h e a r s a l  cy c le  by l a t e r  i t e m s  b e c a u s e  of t h e  t e m p o r a l  
l i m i t a t i o n s  on the  c a p a c i t y  of the  a r t i c u l a t o r y  loop .  C o n s e q u e n t l y  
t h e s e  p o s i t i o n s  r e p r e s e n t  i t e m s  w h ich  a r e  r e h e a r s e d  th e  l e a s t  
n u m b e r  of t i m e s .
G E N E R A L  DISCUSSION
R e s u l t s  o b t a in e d  f r o m  E x p e r i m e n t s  7 a n d  8 s h o w e d  
t h a t  n o i s e  s lo w e d  th e  r a t e  at  w h ich  i t e m s  a r e  r e h e a r s e d  in  t h e  
a r t i c u l a t o r y  loop .  F u r t h e r ,  the  r e s u l t s  of E x p e r i m e n t  9 
r e v e a l e d  t h a t  s low ing  of r e h e a r s a l  h a d  a n  a d v e r s e  e f f e c t  on  
th e  s e r i a l  o r d e r  r e c a l l  of w o r d s  of long  sp o k e n  le n g th ,  
p a r t i c u l a r l y  f o r  t h o s e  w o r d s  p r e s e n t e d  e a r l y  on  in  t h e  l i s t .  
P r e v i o u s l y  i t  h a s  b e e n  shown th a t  w hen  s h o r t  s p o k e n  l e n g t h  
i t e m s  s u c h  a s  c o n s o n a n t s  a r e  r e q u i r e d  to  be  r e m e m b e r e d ,  
n o i s e  i m p r o v e d  the  r e c a l l  of a c o u s t i c a l l y  c o n f u s a b le  l e t t e r s  
w h i le  s l i g h t ly  i m p a i r i n g  th a t  of n o n - c o n f u s a b l e  l e t t e r s .  T h e
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o v e r a l l  p i c t u r e  w h ic h  i s  t h u s  e m e r g i n g ,  a t  l e a s t  w i th in  the  
co n f in e s  of th e  s e r i a l  o r d e r  r e c a l l  p a r a d i g m  i s  t h a t  n o i s e  
h a s  th e  c a p a c i t y  f o r  e i t h e r  i m p r o v i n g  o r  i m p a i r i n g  m e m o r y  
d e p e n d i n g  on the  ty p e  of i t e m s  th a t  a r e  to  be  r e m e m b e r e d .  
W i ld ing ( in  M o h i n d r a  and  Wild ing ,  1983)has  p r o p o s e d  a 
m a t h e m a t i c a l  m o d e l  w h ich  c a n  a c c o u n t  f o r  th i s  ty p e  of 
f l u c t u a t i o n  a n d  th u s  c an  be u s e d  to p r e d i c t  w h a t  the  r e s u l t a n t  
e f f e c t  of  n o i s e  in g iv e n  c o n d i t io n s  w ould  be.
In the  m o d e l  i t  i s  a s s u m e d  th a t  N i t e m s  a r e  to  
be  p l a c e d  in  the  m e m o r y  s y s t e m ,  in the  c o r r e c t  s e q u e n c e ,  
n of w h ic h  a r e  h e ld  in the  a r t i c u l a t o r y  loop ,  a n d  th e  r e m a i n d e r  
r e t r i e v e d  f r o m  a s e p a r a t e  m e m o r y  s o u r c e  o r  p l a c e d  by 
g u e s s i n g .  G iven  2 i t e m s  in  the  loop ,  l e t  p  b e  t h e  p r o b a b i l i t y  
of t h e i r  no t  e x c h a n g in g  p o s i t i o n .  The  p r o b a b i l i t y  of a n  i t e m  
r e t a i n i n g  p o s i t i o n  g iv e n  n i t e m s  in  th e  loop  i s  t h e r e f o r e  
e q u a l  to the  p r o b a b i l i t y  of an  i t e m  not  i n t e r c h a n g i n g  p o s i t i o n  
w i th  an y  o t h e r .  T h i s  i s  p^  Such  i n t e r c h a n g e s  w o u ld  be  
due to  i n a b i l i t y  to  d i s c r i m i n a t e  b e t w e e n  p a i r s  of i t e m s  due 
to l o s s  of s o m e  f e a t u r e s .
The  n u m b e r  of i t e m s  C w h ich  a r e  c o r r e c t l y
p l a c e d  i s  the  p r o b a b i l i t y  of  e a c h  i t e m  r e t a i n i n g  p o s i t i o n ,
g iv e n  n  i t e m s  in  th e  loop ,  m u l t i p l i e d  by  th e  n u m b e r  of i t e m s
in  t h e  loop ,  p l u s  a  c o n s t a n t  f o r  g u e s s i n g  i t e m s  n o t  in  t h e  lo o p ,
a n d  f o r  r e t a i n i n g  th e  f i r s t  i t e m .
n -1
T h e r e f o r e  C= np + k
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V a l u e s  of C f o r  d i f f e r e n t  c o m b i n a t i o n s  of t h e s e  v a r i a b l e s  
(with  k = 2) a r e  g iv e n  in  F i g u r e  9. 2. It i s  a s s u m e d  th a t  
n i s  a f f e c t e d  by  i t e m  l e n g th  and  the  s p e e d  of  c i r c u l a t i o n  of 
i t e m s  in th e  loop  an d  p by the  d e g r e e  of  a c o u s t i c  c o n f u s a b i l i t y .  
F i g u r e  9. 2 s h o w s  th a t  r e d u c i n g  the  n u m b e r  of i t e m s  in  th e  loop ,  
by  i n c r e a s i n g  t h e i r  l e n g th  o r  a r t i c u l a t i o n  t i m e ,  c a n  b e  h a r m f u l  
f o r  n o n - c o n f u s a b l e  i t e m s  and  h e lp fu l  f o r  c o n f u s a b le  i t e m s  
a n d  h a v e  l i t t l e  e f f ec t  f o r  i t e m s  of i n t e r m e d i a t e  c o n f u s a b i l i t y .
Slowing  of r e h e a r s a l  can  l e a d  to  th e  ty p e  of 
p h e n o m e n o n  o b s e r v e d  in n o i s e .  T h i s  s t i l l  h o w e v e r  l e a v e s  
u n a n s w e r e d  the  q u e s t i o n  of w h e t h e r  t h i s  i s  the  on ly  e f f e c t  of 
n o i s e  so t h a t  i t  w i l l  o p e r a t e  only  w hen  r e h e a r s a l  i s  o c c u r r i n g  
a l r e a d y ,  due to  t a s k  d e m a n d s  o r  i n s t r u c t i o n s ,  o r  w h e t h e r  n o i s e  
a l s o  i n c r e a s e s  the  p r o p e n s i t y  to  e n g a g e  in  m a i n t e n a n c e  r e h e a r s a l  
w h a t e v e r  th e  t a s k ,  a s  s u g g e s t e d  by  Wild ing  a n d  M o h i n d r a  (1980).  
L e w i s  (1981) h a s  c a s t  s o m e  doubt  on the  s e c o n d  p o s s i b i l i t y  b y  
d e m o n s t r a t i n g  th a t  n o i s e  e f f e c t s  o c c u r  on ly  w hen  s u b j e c t s  
e x p e c t  r e c a l l  and  no t  w h e n  t h e y  e x p e c t  a  r e c o g n i t i o n  t e s t ,  th e  
d i f f e r e n c e  be ing  th a t  e x p e c t a t i o n  of r e c a l l  i n d u c e s  a  m o r e  
a c t i v e  r e h e a r s a l  s t r a t e g y .  In g e n e r a l  n o i s e  e f f e c t s  a p p e a r  
to  be m o r e  c o n s i s t e n t  and  b e n e f i c i a l  in  t a s k s  w h e r e  a c t i v e  
r e h e a r s a l  i s  th e  m o s t  a p p r o p r i a t e  s t r a t e g y .  H o w e v e r  g iv e n  
th a t  i n c r e a s e d  u s e  of  s e q u e n t i a l  a s s o c i a t i o n s  i n  r e c a l l  o c c u r s  
w h en  i n f o r m a t i o n  i s  p r e s e n t e d  in  n o i s e  (H o c k e y  a n d  H a m i l t o n ,  
1970; H a m i l to n ,  H o c k e y  and  Quinn ,  1972; D a e e  a n d  W ild ing ,  
1977) a n d  i m p r o v e m e n t  h a s  b e e n  fo und  in  f r e e  r e c a l l  of  r a n d o m
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w o r d  l i s t s  w h ich  a r e  no t  a c o u s t i c a l l y  s i m i l a r  w hen  t h e y  w e r e  
p r e s e n t e d  v i s u a l l y  in  n o i s e  ( L e w is ,  1981; Wild ing ,  M o h i n d r a  
a n d  B r e e n -  L e w i s ,  1982) it  s e e m s  u n l ik e ly  t h a t  a l l  n o i s e  e f f e c t s  
c a n  be  e x p l a i n e d  in t e r m s  of s low ing  of r e h e a r s a l .  H e n c e  i t  i s  
s u g g e s t e d  t h a t  n o i s e  a l s o  e n c o u r a g e s  the u s e  of m a i n t e n a n c e  
r e h e a r s a l  and  w hen  the  b a s i c  t a s k  a l r e a d y  s t r o n g l y  i n d u c e s  s u c h  
r e h e a r s a l ,  n o i s e  e f f e c t s  a r e  due m a i n l y  to the  s low ing  of 
r e h e a r s a l  and  h e n c e  v a r y  wi th  t a s k ,  w o r d  l e n g th  an d  a c o u s t i c  
s i m i l a r i t y  of the  m a t e r i a l ,  but  w hen  th e  t a s k  i s  l e s s  c o n s t r a i n i n g  
on the  s t r a t e g i e s  adop ted ,  a d d i t io n  of n o i s e  w i l l  b o th  e n c o u r a g e  
r e h e a r s a l  and  s low  it .  A  p o s s i b l e  r e a s o n  f o r  the  f i r s t  of t h e s e  
e f f e c t s  w i l l  now  be c o n s i d e r e d .
It w a s  p o in t e d  out  in  the  i n t r o d u c t i o n  t h a t  o v e r t  
a r t i c u l a t i o n  an d  n o i s e  did  not  p r o d u c e  e x a c t l y  th e  s a m e  r e s u l t s .
One d i f f e r e n c e  w a s  t h a t  a r t i c u l a t i o n  i m p a i r e d  p e r f o r m a n c e  on 
a c o u s t i c a l l y  s i m i l a r  l i s t s  w hile  n o i s e  i m p r o v e d  i t .  T h e  l a t t e r  
e f f e c t  h a s  now  b e e n  e x p l a in e d  in t e r m s  of  s l o w e r  r e h e a r s a l  
r e d u c i n g  th e  n u m b e r  of i n t e r - i t e m  c o n fu s io n s ,  w h i le  the  e f f e c t  of  
a r t i c u l a t i o n  i s  a s s u m e d  to be due to  g r e a t e r  r e l i a n c e  on  co d in g  
w h ic h  m a x i m i z e s  i t e m  s i m i l a r i t y .  T h e  s e c o n d  d i f f e r e n c e  w a s  t h a t  
a t  s l o w  r a t e s  of p r e s e n t a t i o n  (2s p e r  i t e m  r e l a t i v e  to ^ s  p e r  i t e m )  
a r t i c u l a t i o n  i m p a i r e d  r e c a l l ,  e s p e c i a l l y  of  a c o u s t i c a l l y  s i m i l a r  
i t e m s ,  w h i le  n o i s e  i m p r o v e d  i t .  O r i g i n a l l y  W ild ing  and  M o h i n d r a  
s u g g e s t e d  t h a t  th e  d i f f e r e n c e  w as  due  to t h e i r  h av in g  r e s t r i c t e d  
a r t i c u l a t i o n  to  t h e  c u r r e n t  i t e m ,  th u s  p r e v e n t i n g  m o r e  a d a p t a b l e  
m e t h o d s ,  but  s u b s e q u e n t  u n p u b l i s h e d  e x p e r i m e n t s  h a v e  p e r m i t t e d
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f l e x i b l e  a r t i c u l a t i o n  w i thou t  e l i m i n a t i n g  the  d i f f e r e n c e ,  so  a n o t h e r  
e x p l a n a t i o n  i s  r e q u i r e d .  One p o s s i b i l i t y  i s  t h a t  s lo w  r a t e s  of 
p r e s e n t a t i o n  m a k e  i n t e r - i t e m  a s s o c i a t i o n s  d i f f i cu l t  to  f o r m ,  but  
by  s lo w in g  the  r e h e a r s a l  r a t e  an d  p ro lo n g i n g  th e  d u r a t i o n  of i t e m s  
n o i s e  c o u n t e r a c t s  t h i s  d i f f icu l ty .  D aee  and  W i ld ing  (1977) m a d e  
a s i m i l a r  s u g g e s t i o n  c o n c e r n i n g  n o i s e  e f f e c t s .
T h e r e  s t i l l  r e m a i n  s o m e  f u r t h e r  q u e s t i o n s .  I t  i s  a s  
y e t  u n c l e a r  w h e t h e r  n o i s e  a f f e c t s  th e  s p e e d  of r e h e a r s a l  o n ly  o r  
of o t h e r  f o r m s  of  p r o c e s s i n g  a s  wel l .  It d o e s  s lo w  s e r i a l  r e a c t i o n  
t i m e  bu t  on ly  at  l o u d e r  l e v e l s  t h a n  th o s e  u s e d  h e r e  a n d  on ly  l a t e  
in  th e  w o r k  p e r i o d  ( B r o a d b e n t ,  1971), a n d  G o o l k a s i a n  a n d  E d w a r d s ,
( 197 7 ) r e p o r t e d  a n  i n c r e a s e  in the  p s y c h o l o g i c a l  r e f r a c t o r y  p e r i o d  
in  n o i s e .  H o w e v e r  s p e e d  of s e m a n t i c  p r o c e s s i n g  i s  u n i m p a i r e d  
( E y s e n c k  an d  E y s e n c k ,  1979) an d  if a  b i a s  t o w a r d  s e m a n t i c  
p r o c e s s i n g  of w o r d  l i s t s  i s  in d u c e d  by i n s t r u c t i o n s ,  f r e e  r e c a l l  
of s t r u c t u r e d  l i s t s  c a n  i m p r o v e  fo l lowing  p r e s e n t a t i o n  in  n o i s e  
(W ild ing ,  M o h i n d r a  an d  B r e e n - L e w i s ,  1982).  T h u s  i t  s e e m s  
u n l i k e ly  t h a t  th e  p r e f e r e n c e  f o r  m a i n t e n a n c e  r e h e a r s a l  w h ic h  
a p p e a r s  to  o c c u r  in  n o i s e  c an  be  due to d i f f i c u l ty  w i th  m o r e  
e l a b o r a t e  f o r m s  of cod ing  the  input .
I n s t e a d  the  p r e f e r e n c e  co u ld  b e  due  to a n  i m p a i r m e n t  
in  s o m e  c o m p o n e n t  of m a i n t e n a n c e  r e h e a r s a l  i t s e l f  w h ic h  m a y  l e a d  
to i t s  i n c r e a s e d  p r e d o m i n a n c e .  One p o s s i b i l i t y  w h ic h  h a s  b e e n  
h i n t e d  a t  p r e v i o u s l y  i s  th a t  n o i s e  i m p a i r s  a c c e s s  to  o r  r e t r i e v a l  
of  p h o n o l o g i c a l  c o d e s .  S ince  the  u s e  of s u c h  c o d e s  w o u ld  be  r e q u i r e d  
f o r  th e  p r o c e s s  of r e h e a r s a l ,  a n  i m p a i r m e n t  in  the  a v a i l a b i l i t y
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of p h o n o l o g i c a l  c o d e s  c o u ld  e x p la in  the  p r e f e r e n c e  f o r  m a i n t e n a n c e  
r e h e a r s a l  in th e  fo l low ing  way.
T a s k s  w h ich  t e n d  to in d u c e  m a i n t e n a n c e  r e h e a r s a l ,  
s u c h  a s  s e r i a l  r e c a l l  t a s k s ,  m a y  hav e  th e  ongoing  o p e r a t i o n s  
o c c u p y i n g  m o r e  of th e  a v a i l a b l e  p r o c e s s i n g  t i m e .  R e d u c e d  
o p p o r t u n i t y  f o r  th e  a d d i t i o n a l  p r o c e s s i n g  r e q u i r e d  f o r  u s e  of 
a l t e r n a t i v e  s t r a t e g i e s  would  th u s  r e m a i n .  In th e  f r e e  r e c a l l  
s i t u a t i o n ,  p a r t i c u l a r l y  w h e r e  no i n d i c a t i o n  of the  l e n g th  of th e  l i s t  
o r  th e  c a t e g o r i z a b l e  n a t u r e  of the  l i s t  i s  g iven ,  s u b j e c t s  m a y  s t a r t  
by  u s in g  a  m a i n t e n a n c e  r e h e a r s a l  s t r a t e g y .  T h i s  in  t u r n  m a y  l e a d  
to t h e m  b e c o m i n g  l o c k e d  in to  t h e  i n i t i a l  m a i n t e n a n c e  r e h e a r s a l  
s t r a t e g y  a n d  a l t h o u g h  a w a r e n e s s  of  l i s t  o r g a n i z a t i o n  m i g h t  a r i s e  
a s  t h e y  w o r k  t h e i r  w ay  t h r o u g h  the  l i s t ,  by  t h e n  i t  m i g h t  b e  too  l a t e  
to  a t t e m p t  c a t e g o r i z a t i o n .  Wilding  et  a l . (1982) h a v e  r e p o r t e d  t h a t  
the  p r e f e r e n c e  f o r  m a i n t e n a n c e  r e h e a r s a l  c a n  h o w e v e r  be  e f f e c t i v e l y  
r e v e r s e d  by  i n s t r u c t i o n s  in  a  f r e e  r e c a l l  t a s k  w h ic h  e n c o u r a g e  u s e  
of a l t e r n a t i v e  s t r a t e g i e s .  A ls o  B r e e n -  L e w i s  and  W i ld ing  ( in 
p r e s s )  h a v e  s how n  th a t  n o i s e  e f f e c t s  a r e  m o r e  a p p a r e n t  w hen  
r e h e a r s a l  i s  i n d u c e d  by  i n s t r u c t i o n s .  T h e s e  t y p e s  of r e s u l t s  t h e r e f o r e  
l e n d  s o m e  s u p p o r t  to  th e  h y p o t h e s i s  th a t  r e d u c e d  a v a i l a b i l i t y  of 
p h o n o l o g i c a l  c o d e s  r e q u i r e d  in r e h e a r s a l  m a y  in d e e d  be  th e  s o u r c e  
of the  o b s e r v e d  e f f e c t s  of n o i s e .  T h e  n e x t  e x p e r i m e n t  t h u s  a t t e m p t e d  
to  m e a s u r e  t h e  t i m e  t a k e n  to a c c e s s  an d  u s e  p h o n o lo g i c a l  
r e p r e s e n t a t i o n s  in  a n  a t t e m p t  to f ind  e m p i r i c a l  s u p p o r t  f o r  th e  
a b o v e  h y p o t h e s i s .
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One i s s u e  c u r r e n t l y  r e c e i v i n g  a g r e a t  d e a l  of c o n s i d e r a t i o n  
h a s  b e e n  w h e t h e r  t r a n s l a t i o n  of w r i t t e n  m a t e r i a l  to a  p h o n o l o g i c a l  
r e p r e s e n t a t i o n  i s  a  n e c e s s a r y  s t a g e  in  d e r i v i n g  m e a n i n g  f r o m  
w r i t t e n  m a t e r i a l .  Two r o u t e s  to a c c e s s i n g  m e a n i n g  h a v e  b e e n  
p o s t u l a t e d :  th e  f i r s t  of t h e s e  i s  a  d i r e c t  r o u t e  w h e r e b y  l e x i c a l  a c c e s s  
i s  a c h i e v e d  f r o m  the  g r a p h e m i c  r e p r e s e n t a t i o n .  A l t e r n a t i v e l y  i t  
h a s  b e e n  p r o p o s e d  th a t  p h o n o lo g ic a l  m e d i a t i o n  ( t h r o u g h  s p e l l i n g  
to  so u n d  r u l e s )  o c c u r s  p r i o r  to e n t r y  to the  l e x ic o n .
A s  p r e v i o u s l y  d i s c u s s e d ,  the  r e s u l t s  of m a n y  s h o r t  
t e r m  m e m o r y  e x p e r i m e n t s  s u g g e s t  th a t  p h o n e m i c  c o d e s  h a v e  an  
a d v a n t a g e  o v e r  v i s u a l  c o d e s  ; thus  in  m e m o r y  e x p e r i m e n t s ,  a t  l e a s t ,  
s o m e  ty p e  of p h o n o logy  m a y  be u s e d  s i m p l y  b e c a u s e  m e m o r y  f o r  
t h o s e  i t e m s  w i l l  be r e q u i r e d  at  s o m e  s t a g e .  T h i s  s t r a t e g y  m a y  
a l s o  be  u s e f u l  s h o u ld  c o m p r e h e n s i o n  of long  an d  c o m p l i c a t e d  
s e n t e n c e s  be r e q u i r e d ,  s in c e  the  r e l a t i v e l y  long  l a s t i n g  t r a c e s  of  
a u d i t o r y  m e m o r y  p r o v i d e  the  n e c e s s a r y  d e v i c e  to s t o r e  e a r l y  p a r t s  
of th e  s e n t e n c e  w h i le  l a t e r  m a t e r i a l  i s  b e in g  r e a d  (K le im a n ,  1975; 
U n d e r w o o d ,  1978).
A p a r t  f r o m  the  e v id e n c e  f r o m  m e m o r y  s t u d i e s ,  
e v i d e n c e  f r o m  the  w o r d  id e n t i f i c a t i o n  l i t e r a t u r e  a l s o  s u p p o r t s  th e  
v i e w  th a t  p h o n o lo g i c a l  m e d i a t i o n  s o m e t i m e s  o c c u r s  p r i o r  to l e x i c a l  
a c c e s s .  F o r  e x a m p l e .  L e v y  (1978) h a s  p r e s e n t e d  t h r e e  t y p e s  of 
e v i d e n c e  f a v o u r i n g  th i s  v iew.  F i r s t l y  i t  h a s  b e e n  show n  t h a t  in
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s o m e  v i s u a l  i d e n t i f i c a t i o n  t a s k s ,  r e s p o n s e  t i m e s  i n c r e a s e d  w i th  
i n c r e a s i n g  n u m b e r  of s y l l a b l e s ,  even  w hen  the  n u m b e r  of l e t t e r s  
p e r  w o r d  w e r e  k e p t  c o n s t a n t  ( E r i k s o n ,  P o l l a c k  an d  M o n ta g u e ,  1970;  
K lapp ,  1971). T h i s  f ind ing  w as  i n t e r p r e t e d  to i n d i c a t e  t h a t  th e  
v i s u a l  i t e m s  w e r e  b e in g  t r a n s l a t e d  to a p h o n e t i c  f o r m  w h ic h  
to o k  l o n g e r  w hen  m o r e  s y l l a b l e s  w e r e  invo lved .  S econd ,  in  a  
l e x i c a l  d e c i s i o n  t a s k  w h e r e  s u b j e c t s  m u s t  d e c i d e  w h e t h e r  a  s t r i n g  of 
l e t t e r s  i s  a  w o r d  o r  no t  a  w o rd ,  d e c i s i o n  t i m e s  w e r e  s l o w e r  
w h en  the  n o n - w o r d s  so u n d ed  l ike  r e a l  w o r d s ,  e . g .  B R A N E  
( R u b e n s t e i n ,  L e w is  an d  R u b e n s t e in ,  1971; M e y e r ,  S c h v a n e v e ld t  
a n d  R uddy ,  1974). The  id e a  h e r e  i s  th a t  p h o n o lo g i c a l  s i m i l a r i t y  
w i th  r e a l  w o r d s  would  only  in f lu en ce  r e j e c t i o n  f o r  n o n - w o r d s  if 
p h o n e m i c  t r a n s l a t i o n  of th e  g r a p h e m i c  d i s p l a y  h a s  o c c u r r e d .
T h i r d ,  CVC t r i g r a m s  take  l o n g e r  to c l a s s i f y  a s  n o n - w o r d s  t h a n  
CGC t r i g r a m s ,  p e r h a p s  b e c a u s e  th e y  a r e  p r o n o u n c e a b l e  a n d  a r e  
p r o c e s s e d  b e y o n d  th e  p h o n e m i c  s t a g e .  L e v y  (1978),  h o w e v e r ,  
p o i n t s  out  t h a t  a l th o u g h  the  above  m e n t i o n e d  s t u d i e s  i n d i c a t e  t h a t  
p h o n e m i c  t r a n s l a t i o n  o f ten  o c c u r s  d u r in g  v i s u a l  p r o c e s s i n g ,  t h i s  
d o e s  n o r  n e c e s s a r i l y  i m p l y  th a t  l e x i c a l  a c c e s s  c a n  on ly  be 
a c h i e v e d  v i a  s p e e c h  cod ing ,  n o r ,  t h a t  it  o c c u r s  d u r i n g  ' n o r m a l '  
r e a d i n g .
On t h i s  i s s u e  K l e i m a n  (1975) i s  q u i t e  e m p h a t i c  a n d  
a r g u e s  t h a t  s p e e c h  r e c o d i n g  i s  u n n e c e s s a r y  f o r  l e x i c a l  a c c e s s  
b u t  d o e s  l a t e r  q u a l i fy  t h i s  s t a t e m e n t  by add ing  th a t  t h i s  d o e s  no t  
i m p l y  t h a t  s p e e c h  r e c o d i n g  i s  u n n e c e s s a r y  f o r  l a t e r  s t a g e s  of 
t h e  r e a d i n g  p r o c e s s .  K l e i m a n  show e d  th a t  c o l l e g e  r e a d e r s  c a n  
r e t r i e v e  i n f o r m a t i o n  abou t  in d iv id u a l  w o r d s  w i thou t  s p e e c h  r e c o d i n g .
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In the  f i r s t  of t h r e e  e x p e r i m e n t s  d e s c r i b e d  by  K l e i m a n  (1975),  
s u b j e c t s  d e c i d e d  w h e t h e r  v i s u a l ly  p r e s e n t e d  p a i r s  of w o r d s  
w e r e  e i t h e r  s p e l l e d  a l ik e  a f t e r  the f i r s t  l e t t e r  ( e . g .  l e m o n  an d  
d e m o n ) ,  o r  w h e t h e r  th e y  w e r e  r h y m e s  o r  w h e t h e r  t h e y  w e r e  
s y n o n y m s .  It w a s  a s s u m e d  th a t  in  the  s p e l l i n g  t a s k  the  d e c i s i o n  
w a s  m a d e  on the  b a s i s  of v i s u a l  i n f o r m a t i o n  w h e r e a s  in  the  r h y m i n g  
t a s k  s u b j e c t s  w e r e  f o r c e d  to r e c o d e  to s p e e c h  b e f o r e  d e c i d in g .  
F i n a l l y  b e c a u s e  the  t h i r d  t a s k  r e q u i r e d  i n f o r m a t i o n  ab o u t  th e  
m e a n i n g  of w o r d s ,  i t  w a s  a s s u m e d  to be t a p p in g  the  p r o c e s s  of 
l e x i c a l  a c c e s s .  E a c h  s u b je c t  p e r f o r m e d  the  s p e l l i n g ,  r h y m i n g  
an d  s y n o n y m  d e c i s i o n s  bo th  w i th  and  w i thou t  a  c o n c u r r e n t  s h a d o w in g  
t a s k .  T h i s  t a s k  c o n s i s t e d  of s u b j e c t s  be ing  r e q u i r e d  to r e p e a t  
d ig i t s  t h a t  w e r e  r a p i d l y  p r e s e n t e d  and  w a s  d e s i g n e d  to d i s r u p t  
r e c o d i n g  to s p e e c h .  It w a s  e x p e c t e d  t h a t  s i n c e  th e  s p e l l i n g  a n d  
the  s y n o n y m  j u d g e m e n t s  d id  not  r e q u i r e  r e c o d i n g ,  t h e y  wou ld  
no t  be  i n t e r f e r e d  w i th  by the  shadow ing .  R h y m i n g , h o w e v e r ,  
w o u ld  show  the  g r e a t e s t  i n t e r f e r e n c e  s in c e  i t  i s  a s s u m e d  to  r e q u i r e  
r e c o d i n g  b e f o r e  a r e s p o n s e  c a n  be  m a d e .  The  r e s u l t s  c l e a r l y  
s u p p o r t e d  t h e s e  p r e d i c t i o n s  w i th  b o th  the  s p e l l i n g  and  th e  s y n o n y m  
t a s k s  show ing  a s m a l l  i n t e r f e r e n c e  e f f e c t  an d  th e  r h y m i n g  t a s k  
show ing  a l a r g e  e f fec t .  In a  f u r t h e r  e x p e r i m e n t ,  K l e i m a n ' s  
s u b j e c t s  w e r e  r e q u i r e d  to s e a r c h  f ive  w o r d  s e n t e n c e s  b a s e d  on  
g r a p h e m i c ,  p h o n e m i c  o r  s e m a n t i c  c a t e g o r i e s ,  w i th  an d  w i th o u t  
d ig i t  s h ad o w in g .  A g a in  , v i s u a l . p r e s e n t a t i o n  w a s  u s e d  in  o r d e r  
to s how  th a t  v i s u a l  p r o c e s s e s  co u ld  su f f ice  in c o n d i t i o n s  w h e r e  
p h o n o l o g i c a l  p r o c e s s e s  w e r e  s u p p r e s s e d  by  d ig i t  s h a d o w in g .
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A s  e x p e c t e d ,  s ig n i f i c a n t  e f f e c t s  of s hadow ing  w e r e  o b s e r v e d  on 
th e  p h o n e m i c  d e c i s i o n  t a s k  ( for  e x a m p l e  to d e c id e  th a t  a  r h y m e  of 
C R E A M  i s  p r e s e n t  in  the  s e n t e n c e :  He a w a k e n e d  f r o m  the  d r e a m ) .  
H o w e v e r ,  g r a p h e m i c  an d  c a t e g o r y  d e c i s i o n s  w e r e  r e l a t i v e l y  
u n a f f e c t e d .  In a d d i t io n  to the  t h r e e  c o n d i t io n s  a l r e a d y  m e n t i o n e d  
a  f o u r t h  c o n d i t i o n - j u d g in g  s e n t e n c e  a c c e p t a b i l i t y - ^ a s  a l s o  i n c lu d e d .  
T h i s  t a s k  r e q u i r e d  the i n t e g r a t i o n  of w o r d  i n f o r m a t i o n  in to  a  l a r g e r  
c o n te x t  and  w a s  p r e s u m e d  to in c lu d e  a  l e x i c a l  a c c e s s  s t a g e ,  a  
c o m p r e h e n s i o n  s t a g e  an d  a s t o r a g e  l o a d  s t a g e  s i m i l a r  to  t h a t  
n e e d e d  f o r  n o r m a l  c o m p r e h e n s i o n  of s e n t e n c e s .  E x a m p l e s  i n c l u d e d  
s e m a n t i c a l l y  a c c e p t a b l e  s e n t e n c e s  s u c h  a s  " N o i s y  p a r t i e s  d i s t u r b  
s l e e p i n g  n e i g h b o u r s  " to u n a c c e p t a b l e  s e n t e n c e s  s u c h  a s  " P i z z a s  
h a v e  b e e n  e a t in g  J e r r y " .  The  r e s u l t s  s h o w e d  th a t  the  e f f e c t s  
of d ig i t  sh ad o w in g  on  th i s  t a s k  w e r e  s e v e r e ,  an d  a t  l e a s t  e q u a l  to  
the  e f f e c t  on  th e  p h o n e m i c  t a s k .  T h e r e f o r e  i t  w a s  i m p l i e d  t h a t  
p h o n o l o g i c a l  cod ing  h a d  o c c u r r e d  no t  on a  w o r d  to w o r d  b a s i s ,  
b u t  on  g r o u p s  of w o r d s  and  p e r h a p s  on  the  w ho le  s e n t e n c e .
B a s e d  on th i s  p a t t e r n  of i n t e r f e r e n c e ,  K l e i m a n  c o n c l u d e d  
t h a t  p h o n o lo g i c a l  cod ing  w a s  no t  r e q u i r e d  f o r  s i n g l e  w o r d  r e c o g n i t i o n ,  
bu t  t h a t  s h o u ld  e v e n  a s h o r t  s e n t e n c e  be  r e q u i r e d  to be  c o m p r e h e n d e d  
t h e n  p h o n o lo g i c a l  m e d i a t i o n  would  o c c u r .  L e v y  (1975) a n d  M a r t i n
(1978) h a v e  a l s o  s tu d i e d  th e  r o l e  of p h o n o lo g i c a l  r e c o d i n g  in  v i s u a l  
w o r d  r e c o g n i t i o n  by  m e a s u r i n g  the  a m o u n t  of i n t e r f e r e n c e  c a u s e d  b y  
a  c o n c u r r e n t  a r t i c u l a t o r y  t a s k .  T h e y  a l s o  a r r i v e d  at  s i m i l a r  
c o n c l u s i o n s  to t h o s e  of K le i m a n ,  s u g g e s t i n g  th a t  c o n c u r r e n t
v o c a l i z a t i o n  p r e v e n t e d  the  f o r m a t i o n  of a  p h o n o lo g i c a l  r e p r e s e n t a t i o n
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f o r  c o m p r e h e n s i o n .  H o w e v e r  t h e y  d i f f e r e d  f r o m  K l e i m a n  a s  to 
the  e x a c t  f u n c t i o n  of the  p h o n o lo g ic a l  code .  L e v y  s u g g e s t s  t h a t  
p h o n o l o g i c a l  m e d i a t i o n  w as  func t ion ing  a s  s o m e t h i n g  o t h e r  t h a n  
a s  an  a i d  to s h o r t  t e r m  s t o r a g e  w h e r e a s  M a r t i n  s u g g e s t e d  t h a t  
p h o n o lo g i c a l  cod ing  w a s  the  u s u a l  p a th  to th e  l e x i c o n .
H o w e v e r  r e c e n t  c r i t i c a l  r e v i e w s  of  t h i s  a r e a  w i th  
r e s p e c t  to the  r o l e  of p h o n o lo g ic a l  cod ing  in  r e a d i n g  a l l  r a i s e  
d o u b t s  ab o u t  the  above  c o n c l u s i o n s ,  and  in  p a r t i c u l a r  q u e s t i o n  
t h o s e  of K l e i m a n  and  t h o s e  of M a r t i n  on m e t h o d o l o g i c a l  g r o u n d s  
( fo r  d e t a i l s  s e e  r e v i e w s  by  C o l t h e a r t ,  1980; M c C u s k e r ,  H i l l e n g e r  
a n d  B i a s ,  1981; B a d d e l e y ,  E l r i d g e  an d  L e w i s ,  1981;  B e s n e r ,  
D a v i e s  and  D a n i e l s ,  1981). The  c r u c i a l  p o in t  w h ic h  w a s  s a i d  
to  h a v e  b e e n  i g n o r e d  by K l e i m a n  w a s  the  q u e s t i o n  r e g a r d i n g  t h e  
s t a g e  a t  w h ich  th e  p h o n o lo g i c a l  r e p r e s e n t a t i o n  w a s  u s e d .  F o r  
e x a m p l e  B e s n e r  et  a l .  (1981) po in t  out:  " a s  s o o n  a s  a d i s t i n c t i o n
i s  m a d e  b e t w e e n  p r e - l e x i c a l  and  p o s t - l e x i c a l  p h o n o lo g y ,  i t  i s  
l o g i c a l l y  p o s s i b l e  t h a t  r h y m i n g  cou ld  be done  u s i n g  p r e l e x i c a l  
o r  p o s t l e x i c a l  phono logy .  But i f i t  i s  p o s t l e x i c a l  p h o n o lo g y  th a t  
i s  be ing  u s e d  in  th e  r h y m e  c o n d i t io n  of  K l e i m a n ' s  e x p e r i m e n t s ,  
t h e n  th e  f a c t  t h a t  s u p p r e s s i o n  h u r t s  r h y m i n g  i s  e n t i r e l y  i r r e l e v a n t  
to  th e  q u e s t i o n  of  w h e t h e r  phono logy  i s  b e in g  u s e d  in  th e  s y n o n y m  
c o n d i t i o n  s in c e  h e r e  i t  i s  p r e l e x i c a l  p h o n o lo g y  w h ic h  i s  of 
i n t e r e s t " .  B e s n e r  e t  a l  (1981) t h e r e f o r e  d e c i d e d  to s tu d y  f o r  
t h e m s e l v e s  w h a t  r o l e  p h o n o lo g ic a l  cod ing  p l a y s  in  a c h i e v i n g  l e x i c a l  
a c c e s s .  T h e y  s t a r t e d  off by  r e p l i c a t i n g  a n  e x p e r i m e n t  r e p o r t e d  
b y  B a r o n  (197 7) w h e r e  a  s e l e c t i v e  e f fec t  of s u p p r e s s i o n  h a d  b e e n
150
d e m o n s t r a t e d  in  a t a s k  w h ich  r e q u i r e d  u s e  of p r e l e x i c a l  p h o n o lo g y  
in  c o m p a r i s o n  to one w h e r e  p r e l e x i c a l  p h o n o lo g y  w a s  no t  p o s s i b l e .  
B a r o n  h a d  u s e d  R o m a n  n u m e r a l s  I t h r o u g h  to IV o r  t h e  E n g l i s h  
w o r d s  ONE t h r o u g h  to FO U R ,  and  had  a s s u m e d  th a t  the  R o m a n  
n u m e r a l s  co u ld  on ly  be a c c e s s e d  u s in g  th e  v i s u a l  r o u t e  to the  
l e x i c o n ,  bu t  t h a t  the  E n g l i s h  w o r d s  cou ld  be a c c e s s e d  e i t h e r  
v i s u a l l y  o r  by  app ly ing  g r a ^ h e m e - p h o n e m e  c o n v e r s i o n  r u l e s .
W hen  s u b j e c t s  w e r e  a s k e d  to c a r r y  out  a  c o m p a r i s o n  t a s k  ( w h e r e  
b o th  t y p e s  of i t e m s  cou ld  be p r e s e n t e d )  w h i le  e i t h e r  coun t ing  
b a c k w a r d s  f r o m  te n ,  o r  s i l e n t ly ,  the  d i f f e r e n c e  b e t w e e n  the  
s i l e n t  a n d  a r t i c u l a t i o n  co n d i t io n s  w i th  E n g l i s h  s t i m u l i  w a s  
s i g n i f i c a n t l y  g r e a t e r  t h a n  the d i f f e r e n c e  b e t w e e n  the  two R o m a n  
c o n d i t i o n s .  B a r o n  had  t h e r e f o r e  c o n c l u d e d  th a t  s u b j e c t s  w e r e  
l i k e l y  to have  b e e n  u s in g  p h o n o lo g ic a l  cod ing  a t  l e a s t  s o m e  of t h e  
t i m e  in the  E n g l i s h  cond i t ion .  A c c o r d i n g  to B e s n e r  e t  a l .  h o w e v e r ,  
t h e r e  a r e  a t  l e a s t  two p r o b l e m s  w i th  B a r o n ' s  e x p e r i m e n t .  F i r s t l y  
i t  i s  s u g g e s t e d  t h a t  " the  u s e  of R o m a n  n u m e r a l s  i s  u n f o r t u n a t e  
b e c a u s e  a  p h y s i c a l  c o m p a r i s o n  of s i z e  f o r  f iv e  of th e  s i x  p o s s i b l e  
c o m b i n a t i o n s  w i l l  y i e l d  a r e s p o n s e  e n t i r e l y  c o n s i s t e n t  w i th  t h a t  
of the  n u m e r i c a l  c o m p a r i s o n ,  a s  to w h ich  i s  the  l a r g e r " .  S u c h  
a  s t r a t e g y  h a d  b e e n  shown to be u s e d  in  a  s i m i l a r  e x p e r i m e n t  
by  B e s n e r  and  C o l t h e a r t  (1979).  The  s e c o n d  a r t i f a c t  w a s  s u p p o s e d  
to h a v e  a r i s e n  f r o m  hav ing  the  s u b j e c t s  coun t  b a c k w a r d s  f r o m  
one to  t e n  in a t a s k  r e q u i r i n g  the  n u m e r i c a l  c o m p a r i s o n  of n u m b e r s ,  
t h u s ,  : " r a i s i n g  th e  p o s s i b i l i t y  t h a t  w ha t  i s  i n t e r f e r i n g  i s  no t  th e  
c o n c u r r e n t  a r t i c u l a t i o n  i t s e l f ,  bu t  the r e t r i e v a l  of  i n f o r m a t i o n
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a b o u t  n u m b e r " .  To o v e r c o m e  t h e s e  p r o b l e m s  B e s n e r  e t  a l .  
r e p l a c e d  th e  R o m a n  n u m e r a l s  w i th  A r a b i c  n u m b e r s  and  th e  co u n t in g  
b a c k w a r d s  by i n s t r u c t i n g  the s u b j e c t s  to r e p e a t e d l y  a r t i c u l a t e  
" B l a h " .  U n d e r  t h e s e  c o n d i t io n s  B e s n e r  et  a l . f a i l e d  to o b ta in  an y  
d i f f e r e n t i a l  e f f e c t  of  c o n c u r r e n t  a r t i c u l a t i o n  upon  th e  A r a b i c  o r  th e  
E n g l i s h  s c r i p t .  A r e p l i c a t i o n  of M a r t i n ' s  (1978) S t r o o p  c o l o u r  w o r d  
m a t c h i n g  t a s k ,  w i th  o r  w i thou t  c o n c u r r e n t  a r t i c u l a t i o n  a l s o  
f a i l e d  to show an  e f f e c t  of a r t i c u l a t i o n ,  on  th e  p e r f o r m a n c e  of th e  
t a s k .
F u r t h e r  e x p e r i m e n t s  by B e s n e r  e t  a l .  e x a m i n e d  
p e r f o r m a n c e  w i th  v i s u a l l y  p r e s e n t e d  w o r d s  and  n o n - w o r d s .  S u b j e c t s  
w e r e  r e q u i r e d  to m a k e  r h y m e  j u d g e m e n t s  ( E x p e r i m e n t  3, e .  g.
B l a m e  - F l a m e )  o r  h o m o p h o n y  ju d g e m e n t s  ( E x p e r i m e n t  4, e . g .
A L E  - A IL)  a n d  l a t e n c y  m e a s u r e s  and  e r r o r  s c o r e s  w e r e  t a k e n .
An e f f e c t  of  s u p p r e s s i o n  on  l a t e n c y ,  s p e c i f i c  on ly  to the  w o r d s  
c o n d i t i o n  in  E x p e r i m e n t  3 w a s  shown;  t h i s  e f f e c t  h o w e v e r  d i s a p p e a r e d  
in  E x p e r i m e n t  4. E r r o r  r a t e s  on the  o t h e r  h a n d  s h o w e d  a n  e f f e c t  
c o m m o n  to b o th  e x p e r i m e n t s .  T h i s  p a t t e r n  of r e s u l t s  w a s  i n t e r p r e t e d  
a s  fo l l o w s :  " S u p p r e s s i o n  p r e v e n t s  o r  i m p a i r s  a  p h o n o lo g i c a l
s e g m e n t a t i o n  p r o c e s s  o p e r a t i n g  s u b s e q u e n t  to the  r e t r i e v a l  of 
w h o le  w o r d  p h o n o logy  (a p r o c e s s  t h a t  i s  n e e d e d  f o r  r h y m e  j u d g e m e n t s  
b u t  n o t  f o r  h o m ophony) .  T h e r e f o r e  i t  i s  a s s u m e d  th a t  s u p p r e s s i o n  a f f e c t s  
th e  t r a n s l a t i o n  of  p r i n t  in to  a n  a r t i c u l a t o r y ,  r a t h e r  t h a n  a p h o n o l o g i c a l  
co d e .  B u f f e r  s t o r a g e  a n d / o r  m a i n t e n a n c e  of p h o n o l o g i c a l l y  c o d e d  
i n f o r m a t i o n  d e r i v e d  f r o m  p r i n t  i s  a f f e c t e d  b y  s u p p r e s s i o n ;  p h o n o l o g i c a l  
r e c o d i n g  f o r  th e  p u r p o s e  of l e x i c a l  a c c e s s  c a n  be  c a r r i e d  out  w i th o u t  
a n y  i n t e r f e r e n c e  f r o m  s u p p r e s s i o n " .
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T h e  m a i n  i m p l i c a t i o n  of the  r e s u l t s  of B e s n e r  e t  a l ' s 
s tu d y  i s  t h a t  l e x i c a l  a c c e s s  c an  be c a r r i e d  out  w i thou t  r e c o u r s e  
to p h o n o lo g i c a l  m e d i a t i o n .  H o w e v e r  th i s  c o n c l u s i o n  i g n o r e s  s o m e  
of th e  e r r o r  e f f e c t s  o b s e r v e d  by B e s n e r  et  a l ,  f o r  e x a m p l e  in  t h e i r  
E x p e r i m e n t  3, a s  r e p o r t e d  above ,  i t  had  b e e n  show n t h a t  j u d g e m e n t s  
of w h e t h e r  p a i r s  of w o r d s  r h y m e d  (at l e a s t  one of w h ic h  w a s  
i r r e g u l a r  an d  h e n c e  r e q u i r e d  p o s t l e x i c a l  phono logy)  w e r e  s l o w e r  
a n d  l e s s  a c c u r a t e  u n d e r  s u p p r e s s i o n ,  w hile  j u d g e m e n t s  of p a i r s  
of n o n - w o r d s ,  invo lv ing  p r e l e x i c a l  phono logy ,  w e r e  l e s s  a c c u r a t e  
b u t  n o t  s l o w e r .  (B a d d e l e y  and  L e w i s ,  1981,  p.  127 , in  a  
f o o tn o te  r e p o r t  t h a t  t h e y  co u ld  no t  r e p l i c a t e  t h i s  r e s u l t ) .  B e s n e r  
e t  a l .  ( E x p e r i m e n t s  4, 5 and  6) a l s o  found  u n l ik e  B a d d e l e y  an d  
L e w i s ,  a  s i g n i f i c a n t  i n c r e a s e  in e r r o r s  in  judg ing  w h e t h e r  w ho le  
w o r d s  a n d  non  w o r d s  s o u n d e d  a l ik e ,  th o u g h  only  u n d e r  r a p i d  
s u p p r e s s i o n .  B a d d e l e y  an d  L e w is  found a  s l ig h t  an d  n o n - s i g n i f i c a n t  
a d v e r s e  e f f e c t  of s u p p r e s s i o n  on bo th  the  s p e e d  a n d  th e  a c c u r a c y  
of ju d g in g  w h e t h e r  a  n o n - w o r d  ( e . g .  C a y o s s )  s o u n d e d  l i k e  a  r e a l  
w o r d ,  a  m a r g i n a l l y  s ig n i f i c a n t  i n c r e a s e  in  e r r o r s  bu t  n o t  in  
l a t e n c y  in  ju dg ing  w h e t h e r  a  p a i r  of n o n - w o r d s  s o u n d e d  a l i k e  
( e . g .  K e r m  an d  C u r m )  and  a g a i n  a s l ig h t  an d  n o n - s i g n i f i c a n t  
e r r o r  i n c r e a s e  in  ju dg ing  w h e t h e r  a  w o r d  an d  a n o n - w o r d  (e. g.
O c e a n  a n d  O shun)  so u n d ed  a l ik e .  The  g e n e r a l  c o n c l u s i o n  a p p e a r s  
to  be  t h a t  s u p p r e s s i o n  while  no t  hav ing  d r a m a t i c  e f f e c t s ,  d o e s  
t e n d  to i n c r e a s e  e r r o r s  in  t a s k s  r e q u i r i n g  the  u s e  of p r e - o r  
p o s t l e x i c a l  p h o n o lo g y .a n d  m a y  a l s o  i n c r e a s e  l a t e n c y  in  th e  l a t t e r
c a s e .
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One o t h e r  e f f e c t  r e p o r t e d  by  B a d d e l e y  an d  L e w is ( 1 9 8 1 )  
a n d  c o n f i r m e d  a g a i n  by  B a d d e l e y ,  E l r i d g e  a n d  L e w i s  (1981) w a s  the  
o b s e r v a t i o n  th a t  j u d g e m e n t s  a s  to w h e t h e r  s e n t e n c e s  w e r e  s e m a n t i c a l l y  
a n o m a l o u s  o r  c o r r e c t  w e r e  show n to be l e s s  a c c u r a t e ,  bu t  n o t  
s low er ,  u n d e r  c o n d i t io n s  of a r t i c u l a t o r y  s u p p r e s s i o n .  S ince  s p e e d  of 
p r o c e s s i n g  w a s  no t  i n f l u e n c e d  by  s u p p r e s s i o n  i t  w a s  c o n c l u d e d  th a t  
a r t i c u l a t o r y  cod ing  n o r m a l l y  p r o v i d e s  a p a r a l l e l  an d  s u p p l e m e n t a r y  
code  w h ic h  m a y  be p a r t i c u l a r l y  u s e f u l  f o r  m o n i t o r i n g  o r d e r  
i n f o r m a t i o n .
G iven  t h e s e  two e f f e c t s ,  f i r s t l y  t h a t  s u p p r e s s i o n  in  
g e n e r a l  d o e s  not  h a r m  r h y m e  j u d g e m e n t s ,  but  t h a t  i t  d o e s  i n t e r f e r e  
w i th  u s e  of a  s u p p l e m e n t a r y  code f o r  m o n i t o r i n g  o r d e r  i n f o r m a t i o n  
B a d d e l e y  e t  a l ,  an d  in d e e d  B e s n e r  et  a l ,  p r o p o s e  t h a t  t h e r e  p r o b a b l y  
e x i s t  a t  l e a s t  two p h o n o lo g i c a l  c o d e s .  The  f i r s t  of  t h e s e  i s  p r o b a b l y  
b a s e d  on  a r t i c u l a t i o n  an d  i s  u s e d  to s u p p o r t  s h o r t  t e r m  m e m o r y ,  
bu t  i s  s u s c e p t i b l e  to  th e  e f f e c t s  of s u p p r e s s i o n .  T h e  o t h e r  i s  
s u g g e s t e d  to be  a n  a c o u s t i c  code ,  p o s s i b l y  a n a l a g o u s  to  a n  a c o u s t i c  
i m a g e ,  w h ich  i s  s u f f i c i e n t ly  p o w e r f u l  to a l l o w  r h y m e  j u d g e m e n t s ,  
b u t  i s  n o t  n e c e s s a r y  f o r  th e  c o m p r e h e n s i o n  of g i s t  a n d  d o e s  n o t  
a p p e a r  to  c o n t r i b u t e  to v e r b a l  m e m o r y .
What r e l e v a n c e  d o e s  the p r e c e d i n g  d i s c u s s i o n  on 
th e  r o l e  of p h o n o lo g i c a l  cod ing  in r e a d i n g  hav e  on a  d i s c u s s i o n  of 
th e  e f f e c t s  of n o i s e  a s  d e s c r i b e d  e a r l i e r  in  t h i s  t h e s i s ?  At v a r i o u s  
s t a g e s  i n  th e  d i s c u s s i o n  of n o i s e  e f f e c t s ,  p a r a l l e l s  h a v e  b e e n  d r a w n  
b e t w e e n  the  e f f e c t s  of n o i s e  and  th o s e  of s u p p r e s s i o n .  In g e n e r a l  
i t  h a s  b e e n  c o n c l u d e d  th a t  n o i s e  e f f e c t s  do n o t  r e s e m b l e  t h o s e  due  
to  s u p p r e s s i o n  ( M i l l a r ,  1979,  Wild ing  a n d  M o h i n d r a ,  1980) b u t
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e x p e r i m e n t s  e q u i v a l e n t  to t h o s e  j u s t  d e s c r i b e d  w i th  s u p p r e s s i o n  
a n d  r h y m e  j u d g e m e n t  t a s k s  h a v e  y e t  to  be  d o n e . F u r t h e r  in  t h e  
l i g h t  of p r o p o s a l s  t h a t  two ty p e s  of p h o n o lo g i c a l  c o d e s  p r o b a b l y  
e x i s t  ( B a d d e l e y  e t  a l ,  1981,  B a d d e l e y  an d  L e w i s  1981,  B e s n e r  
et  a l .  1981),  on ly  one of w h ich  i s  a f f e c t e d  by  s u p p r e s s i o n  i t  w o u ld  
be i n t e r e s t i n g  to s e e  how, if a t  a l l ,  n o i s e  e f f e c t s  f i t  in to  t h i s  s c h e m a .
The  n e x t  e x p e r i m e n t  t h u s  e x a m i n e d  the  e f f e c t s  of  
n o i s e  on a r h y m e  j u d g e m e n t  t a s k ,  and  i n c l u d e d  a  s y n o n y m  
ju d g in g  t a s k  f o r  c o m p a r i s o n .  The  p u r p o s e  of  t h i s  e x p e r i m e n t  
w a s  to  i n v e s t i g a t e  i f  n o i s e  h a d  a  d i s r u p t i n g  e f f e c t  on th e  p r o c e s s  
of t r a n s f e r r i n g  i n f o r m a t i o n  f r o m  a  l e x i c a l  to  a  p h o n o l o g i c a l  /  
a r t i c u l a t o r y  r e p r e s e n t a t i o n .  A s  w i l l  be  r e m e m b e r e d  K l e i m a n  
(1975),  u s in g  shad o w in g ,  had  show n  th a t  s h a d o w in g  i m p a i r e d  
s y n o n y m y  and  g r a p h e m i c  d e c i s i o n s  only  s l i g h t ly ,  w h i le  m a r k e d l y  
s lo w in g  p h o n e m i c  d e c i s i o n s .  The  i n t e r p r e t a t i o n  of t h e s e  r e s u l t s  
w a s  q u e s t i o n e d , h o w e v e r ,  on the  g r o u n d s  t h a t  r h y m i n g  c o u l d  b e  
p e r f o r m e d  u s in g  e i t h e r  p r e  o r  p o s t l e x i c a l  p h o n o lo g y .  T h e r e f o r e  
in  th e  c u r r e n t  e x p e r i m e n t ,  the  r h y m e  j u d g e m e n t  t a s k  c o n t a i n e d  
p a i r s  of i t e m s ,  a t  l e a s t  one of w h ic h  w a s  an  i r r e g u l a r  w o r d ,  an d  
w h i c h  p r e s u m a b l y  w ou ld  r e q u i r e  p o s t l e x i c a l  p h ono logy .  It w a s  
p r e d i c t e d  t h a t  i f  n o i s e  s lo w e d  r h y m e  j u d g e m e n t s  r e l a t i v e  to  
s y n o n y m  j u d g e m e n t s  t h i s  would  be  b e c a u s e  of i t s  e f f e c t s  on  th e  
p o s t l e x i c a l  t r a n s l a t i o n  p r o c e s s  w h ic h  i s  r e q u i r e d  f o r  th e  s u c c e s s f u l  
c o m p l e t i o n  of the  r h y m i n g  t a s k  , bu t  no t  f o r  the  s y n o n y m  t a s k .
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6. 1 E X P E R I M E N T  10
M ETH O D
S u b j e c t s
36 s u b j e c t s  (19 M a le  and  17 F e m a l e ) ,  a l l  s t u d e n t s  
f r o m  v a r i o u s  d e p a r t m e n t s  a t  B e d f o r d  C o l l e g e ,  p a r t i c i p a t e d  in  
th e  e x p e r i m e n t .
S t i m u l u s  m a t e r i a l
T w e lv e  l i s t s  of s t i m u l i  w e r e  u s e d ;  h a l f  in  the  r h y m i n g  
c o n d i t i o n  an d  the  o t h e r  h a l f  in  th e  s y n o n y m  co n d i t io n .  L i s t s  u s e d  
in  the  r h y m i n g  c o n d i t io n  w e r e  i d e n t i c a l  to  t h o s e  d e v i s e d  a n d  u s e d  
b y  B e s n e r ,  D a v ie s  and  D a n ie l s  (1981,  E x p e r i m e n t  3) f o r  t h e i r  
w o r d s  c o n d i t io n .  E a c h  l i s t  c o n s i s t e d  of t e n  p a i r s  of w o r d s ,  of  
w h ic h  h a l f  the  p a i r s  r h y m e d .  A n o t h e r  f e a t u r e  of t h e s e  l i s t s  w a s  
t h a t  a t  l e a s t  one w o r d  of e a c h  p a i r  w a s  a n  i r r e g u l a r  w o r d .  L i s t s  
u s e d  in  the  s y n o n y m s  c o n d i t io n  c o n t a in e d  w o r d s  d r a w n  f r o m  th e  
s y n o n y m  n o r m s  c o m p i l e d  by  Wilding an d  M o h i n d r a  (1981).  O n ly  
w o r d  p a i r s  ju d g e d  to  h a v e  a s y n o n y m  r a t i n g  of a t  l e a s t  5. 75 
( m a x i m u m  r a t i n g  7. 0) w e r e  u s e d .  A g a in  h a l f  th e  p a i r s  in  th e  l i s t s  
w e r e  s y n o n y m s  w h i le  the  o t h e r  h a l f  w e r e  no t .  No a t t e m p t  w a s  
m a d e  to c o n t r o l  the  r e g u l a r i t y  of  the  w o r d s  in  t h e s e  l i s t s .
D e s i g n
S u b je c t s  w e r e  r a n d o m l y  a l l o c a t e d  to e i t h e r  t h e  65 d B C  
o r  th e  85 d B C  w hi te  n o i s e  co n d i t io n s .  E a c h  s u b j e c t  p e r f o r m e d  
b o th  t a s k s ,  th e  r h y m e  j u d g e m e n t  an d  the  s y n o n y m  j u d g e m e n t  t a s k ,  
t h e  o r d e r  of o c c u r r e n c e  of  the  tw o  t a s k s  w a s  c o u n t e r b a l a n c e d  a c r o s s
s u b j e c t s .
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P r o c e d u r e
S u b je c t s  w e r e  r u n  in d iv id u a l ly .  N o i s e  w a s  d e l i v e r e d  
t h r o u g h  h e a d p h o n e s  c o n n e c t e d  to a  p u r p o s e  bu i l t  n o i s e  g e n e r a t o r  
p r o d u c i n g  b r o a d  b a n d  f r e q u e n c y  w hite  n o i s e .  S u b je c t s  w e r e  
i n f o r m e d  of th e  o r d e r  in  w h ich  the  two t a s k s  w e r e  to  be  p e r f o r m e d  
a s  w e l l  a s  of the  k e y s  to be  u s e d  to m a k e  p o s i t i v e  o r  n e g a t i v e  
r e s p o n s e s  b e f o r e  s t a r t i n g  the  e x p e r i m e n t .  A s s i g n m e n t  of l e f t  
an d  r i g h t  k e y s  to the  p o s i t i v e  o r  n e g a t iv e  r e s p o n s e  w a s  r a n d o m .  
S u b j e c t s  w e r e  to ld  t h a t  a  p a i r  of w o r d s  w o u ld  a p p e a r  on th e  s c r e e n  
of the  ’P E T '  c o m p u t e r  and  th a t  t h e y  h a d  to d e c i d e  w h e t h e r  the  
w o r d s  r h y m e d  o r  w h e t h e r  t h e y  s y n o n y m s ,  d e p e n d in g  on th e  
co n d i t io n .  A l l  s u b j e c t s  w e r e  a l s o  to ld  t h a t  r e s p o n s e s  w e r e  to be 
m a d e  a s  q u ic k ly  a s  p o s s i b l e  but  t h a t  t h e y  s h o u ld  w o r k  a t  a  r a t e  
a t  w h ic h  t h e y  d id  no t  m a k e  too  m a n y  e r r o r s .  In th e  e v e n t  of  a n  
e r r o r  o c c u r r i n g  t h e y  w e r e  to i g n o r e  i t  a n d  c o n t in u e  w i th  the  n e x t  
p a i r .  A  n e w  w o r d  p a i r  a p p e a r e d  on  th e  s c r e e n  tw o s e c o n d s  a f t e r  
t h e  l a s t  r e s p o n s e  h a d  b e e n  m a d e .  The  o r d e r  of a p p e a r a n c e  of 
p a i r s  in  the  l i s t  w as  r a n d o m i z e d  by  th e  c o m p u t e r  f o r  e a c h  s u b j e c t ,  
L e n g t h  of t i m e  b e t w e e n  th e  o n s e t  of a  w o r d  p a i r  a n d  the  s u b j e c t s  
r e s p o n s e  c o n s t i t u t e d  the  d e p e n d e n t  v a r i a b l e .  T h i s  w a s  r e c o r d e d  
by  t h e  c o m p u t e r  a s  w e r e  the  n u m b e r  of e r r o r s  m a d e  in  e a c h  
c o n d i t io n .
R E S U L T S
M e a n  l a t e n c i e s  w e r e  c a l c u l a t e d  f o r  th e  c o r r e c t  
r e s p o n s e s  f o r  e a c h  s u b je c t ,  t h e n  a n y  r e s p o n s e  of m o r e  t h a n  t w i c e
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Table 10. 1
M e a n  l a t e n c i e s  in  s e c o n d s  and  p e r c e n t a g e  e r r o r  in  
E x p e r i m e n t  10.
P o s i t i v e  N e g a t i v e
R e s p o n s e s  R e s p o n s e s
S y n o n y m s
L a t e n c y  
0. 85
% E r r o r
4
L a t e n c y  
1. 00
% E r
2
65 d B C _ .R h y m e  s 1. 03 9 1. 11 9
S y n o n y m s 0 . 9 6 3 1. 10 3
85 d B C _ ,R h y m e  s 1 .2 1 13 1. 30 11
th e  m e a n  l a t e n c y  w a s  d i s c a r d e d  an d  th e  m e a n  r e c a l c u l a t e d .  T h e  
r e s u l t s  a r e  s how n  in  T a b l e  1 0 . 1 .  A s p l i t - p l o t  ANOVA w i th  n o i s e  
a s  th e  b e t w e e n - s u b j e c t  v a r i a b l e  and  t a s k  an d  r e s p o n s e  a s  w it  b i n - 
s u b j e c t  v a r i a b l e s  y i e l d e d  the  fo l lowing  e f f e c t s .  M a in  e f f e c t s  of 
N o i s e  (F=  9. 19, d . f .  1 , 3 4 ,  P <  0. 01); T a s k  (F=  140.  637,  d . f .
1 . 3 4 ,  P  < 0. 001) an d  R e s p o n s e  (F= 1 7 1 .8 8 ,  d . f .  1 , 3 4 ,  P <  0 . 0 0 1 )  
w e r e  a l l  s i g n i f i c a n t  w i th  p e r f o r m a n c e  be ing  s l o w e r  i n  l o u d  n o i s e ,  
on th e  r h y m i n g  t a s k  and  f o r  n e g a t iv e  r e s p o n s e s .  In a d d i t i o n  
s i g n i f i c a n t  i n t e r a c t i o n s  b e t w e e n  T a s k  a n d  N o i s e  ( F = 6 . 0 4 ,  d . f .
1 . 3 4 ,  P  < 0. 025) a n d  b e t w e e n  T a s k  a n d  R e s p o n s e  (F= 8. 53,  d . f .
1, 34,  P  < 0 . 0 1 )  w e r e  a l s o  o b ta in ed .  F u r t h e r  a n a l y s i s  of  t h e  f i r s t  
of  t h e s e  s h o w e d  t h a t  th e  e f f e c t  of  n o i s e  w a s  s ig n i f i c a n t  in  th e  
r h y m i n g  t a s k  by  a Schef fe  t e s t  (F= 14. 52,  d. f. 3, 34, P <  0. 05) 
b u t  n o t  i n  th e  s y n o n y m  t a s k  (F=5 .  04).
The  e r r o r  r a t e s  in  t a b l e  10. 1 show  th a t  e r r o r s  i n c r e a s e d  
s l i g h t l y  in  the  r h y m e  judg ing  t a s k  in  loud  n o i s e ,  so  th e  i n c r e a s e  
in  l a t e n c y  w a s  n o t  due to s u b j e c t s  b e h a v in g  m o r e  c a u t i o u s l y .
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DISCUSSION
The  r e s u l t s  show e d  th a t  n o i s e  s i g n i f i c a n t l y  s l o w e d  
r h y m e  j u d g e m e n t s ,  bu t  on ly  s l i g h t ly  and  n o n - s i g n i f i c a n t l y  a f f e c t e d  
s y n o n y m  j u d g e m e n t s .  A c c o r d i n g  to  th e  p r e d i c t i o n s  t h i s  s u g g e s t s  
t h a t  the  e f f e c t s  of  n o i s e  a r e  s p e c i f i c  to the  p o s t l e x i c a l  s t a g e  of 
p r o c e s s i n g ,  s i n c e  on ly  the  r h y m i n g  t a s k  n e c e s s i t a t e s  u s e  of  th e  
c o n v e r s i o n  f r o m  a l e x i c a l  e n t r y  to a n  a r t i c u l a t o r y  r e s p o n s e .  It 
i s  a s s u m e d  th a t  j u d g e m e n t s  f o r  the  s y n o n y m  t a s k  c a n  be  c a r r i e d  
ou t  a t  th e  l e x i c o n .
H o w e v e r  r e s u l t s  of  a n  e x p e r i m e n t  l a t e r  c a r r i e d  ou t  
by  W i ld ing  an d  r e p o r t e d  in  Wild ing a n d  M o h i n d r a  (1982) h a v e  
s u g g e s t e d  t h a t  th e  above  c o n c l u s i o n s  n e e d  to  be  r e c o n s i d e r e d .
One r e a s o n  w hy  t h e r e  m a y  be  s o m e  doubt o v e r  th e  ab o v e  c o n c l u s i o n s  
i s  t h a t  t h e r e  w a s  no g u a r a n t e e  t h a t  the  e f f e c t  o b s e r v e d  a b o v e  i s  
r e s t r i c t e d  to th e  p o s t l e x i c a l  s t a g e  a s  a s s u m e d  b e f o r e .  It w i l l  be 
r e c a l l e d  th a t  in  th e  r h y m i n g  cond i t ion ,  a l t h o u g h  a t  l e a s t  one  of  
th e  p a i r  of w o r d s  w a s  i r r e g u l a r ,  m o s t  p a i r s  i n c l u d e d  a  r e g u l a r  
w o r d ,  u s u a l l y  the  r i g h t  h a n d  m e m b e r  p r e s e n t e d  on  t h e  s c r e e n  
( fo l low ing  B e s n e r  et  a l ' s  o r d e r ) .  A l s o  s e v e r a l  w o r d s  w e r e  
i n c l u d e d  tw ic e  on th e  l i s t  and  e v e n  one p a i r  w a s  r e p e a t e d  
( u n f o r t u n a t e l y  t h i s  w a s  n o t  n o t i c e d  u n t i l  a f t e r  t h e  e x p e r i m e n t ) .
T h e  e f f e c t s  of t h i s  on  th e  s t r a t e g y  a d o p t e d  a r e  no t  c l e a r .  A l s o  i t  
c o u ld  be  p o s s i b l e  t h a t  the  s m a l l  i n c r e a s e  o b s e r v e d  i n  th e  l a t e n c y  
m e a s u r e  f o r  th e  s y n o n y m  t a s k  c o u ld  be  due to  u s e  of a  p r e l e x i c a l  
p h o n o l o g i c a l  r o u t e  a s  a  c a r r y  o v e r  s t r a t e g y .
H e n c e  in  the  e x p e r i m e n t  r e p o r t e d  by  W i ld ing  a n d
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M o h i n d r a  (1982,  s e e  A p p en d ix  1 f o r  d e t a i l s )  b e t t e r  c o n t r o l  of 
th e  p r o c e s s e s  be ing  s tu d ie d  w as  e n s u r e d ,  s u c h  t h a t  a c c e s s  to 
p o s t l e x i c a l  ph o n o lo g y  only ,  w a s  s tu d i e d  in  one c o n d i t i o n  a n d  
p r e l e x i c a l  in  a n o t h e r .  B e c a u s e  i t  p r o v e d  i m p o s s i b l e  to d e v i s e  
e n o u g h  r h y m i n g  p a i r s  in w h ich  b o th  i t e m s  w e r e  i r r e g u l a r l y  
s p e l l e d ,  w o r d s  w e r e  p r e s e n t e d  s u c c e s s i v e l y  a n d  th e  t i m e  t a k e n  
to m a k e  the  j u d g e m e n t  fo l lowing  th e  p r e s e n t a t i o n  of th e  s e c o n d  
w o r d  on ly  w a s  m e a s u r e d .  T h r e e  t a s k s  w e r e  e m p lo y e d :
(a) a  v i s u a l  m a t c h i n g  t a s k  wi thou t  n o i s e  to o b t a in  a  b a s e l i n e  
l a t e n c y  f o r  e a c h  s u b je c t ;  h e r e  w o r d s  w e r e  to be  m a t c h e d  on 
th e  l a s t  t h r e e  l e t t e r s  an d  a l l  p a i r s  r h y m e d .
(b) a  r h y m e  j u d g e m e n t  t a s k  in  w h ic h  th e  s e c o n d  w o r d  p r e s e n t e d  
w a s  i r r e g u l a r  and  r e q u i r e d  u s e  of p o s t l e x i c a l  pho n o lo g y .
(c) a  r h y m e  j u d g e m e n t  t a s k  in  w h ich  th e  s e c o n d  i t e m  p r e s e n t e d  
w a s  a  n o n - w o r d  w h ic h  th u s  r e q u i r e d  u s e  of p r e l e x i c a l  p h o n o lo g y  
to m a t c h  i t  to the  p r e c e d i n g  w o rd .
R e s u l t s  s h o w e d  th a t  85 dBC n o i s e  a f f e c t e d  th e  t h i r d  t a s k  on ly ,  
s u g g e s t i n g  th a t  t h e  r e s u l t s  of E x p e r i m e n t  10 m a y  h a v e  d e p e n d e d  
on  s u b j e c t s  u s in g  p r e l e x i c a l  ph o n o lo g y  in  s o m e  c a s e s .  E r r o r  
r a t e s  w e r e  no t  a f f e c t e d  by  n o i s e .
In th e  l igh t  of  th e  r e s u l t  o b t a i n e d  by  W i ld ing  and  
M o h i n d r a ,  th e  d e c i s i o n  a b o u t  w h e t h e r  th e  p r e c i s e  e f f e c t s  of  n o i s e  
a r e  p r e  o r  p o s t l e x i c a l  b e c o m e s  r a t h e r  d i f f i c u l t .  S o m e  r e s e r v a t i o n s  
h a v e  a l r e a d y  b e e n  pu t  f o r w a r d  ab o u t  the  s t i m u l i  u s e d  in  E x p e r i m e n t  
10; m o r e o v e r  s in c e  a n o n - w o r d  c o n d i t io n  w a s  no t  i n c l u d e d  in  t h a t  
e x p e r i m e n t  t h i s  f u r t h e r  a d d s  to do u b ts  a b o u t  n o i s e  e f f e c t s  b e i n g
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l o c a t e d  p o s t l e x i c a l l y  . What i s  c l e a r  i s  th a t  n o i s e  d o e s  i n d e e d  
a f f e c t  a c c e s s  to a  p h o n o lo g i c a l  r e p r e s e n t a t i o n ,  be  i t  a t  a  p r e  o r  
a  p o s t l e x i c a l  s t a g e .  In t h i s  r e s p e c t  i t s  e f f e c t s  a r e  c l e a r l y  d i f f e r e n t  
f r o m  th o s e  of a r t i c u l a t o r y  s u p p r e s s i o n  d i s c u s s e d  e a r l i e r ,  w h e r e  
s u p p r e s s i o n  w a s  shown to  i n c r e a s e  e r r o r s  but  no t  l a t e n c y  in  
t a s k s  r e q u i r i n g  p r e l e x i c a l  phonology .  T h i s  t h e r e f o r e  c o n f i r m s  
p r e v i o u s  c o n c l u s i o n s  b a s e d  on d i f f e r e n t  e v i d e n c e  ( M i l l a r ,  1979;  
W i ld ing  an d  M o h in d r a ,  1980) t h a t  the  e f f e c t s  of  n o i s e  do n o t  r e s e m b l e  
t h o s e  of s u p p r e s s i o n .
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C H A P T E R  7 
CONCLUSIONS AND SOM E S P E C U L A T I O N S
The  e x p e r i m e n t s  d e s c r i b e d  in  t h i s  t h e s i s  h a v e  
c o n f i r m e d  the  r e s u l t s  of p r e v i o u s  s t u d i e s  of th e  e f f e c t s  of w h i te  
n o i s e  on m e m o r y  while  a t t e m p t i n g  a t  the  s a m e  t i m e  to  i n v e s t i g a t e  
th e  c a u s e  of t h e s e  e f f e c t s .  What  e m e r g e s  f r o m  t h e s e  e x p e r i m e n t s  
i s  th a t  th e  e f f e c t s  of  n o i s e ,  a t  l e a s t  a t  th e  l e v e l s  of n o i s e  u s e d  h e r e  
( b e tw e e n  65 and  85 dBC) a r e  s u b t le  an d  m a y  be s p e c i f i c  to  n o t  on ly  
th e  m e m o r y  t a s k s  u s e d  bu t  a l s o  to the s t i m u l u s  m a t e r i a l  u s e d  in 
th e  p r e s e n t a t i o n  of t h e s e  t a s k s .
The  m a i n  f ind ing  to  e m e r g e  f r o m  th e  r e s u l t s  of  the  
f i r s t  f ew  e x p e r i m e n t s  w as  th a t  loud  n o i s e  i m p r o v e d  s e r i a l  o r d e r  
r e c a l l  of a c o u s t i c a l l y  s i m i l a r  i t e m s  w h e r e  the  s t i m u l i  w e r e  
p r e s e n t e d  s u c c e s s i v e l y ,  bu t  had  no e f f e c t  w h e r e  t h e  s t i m u l i  w e r e  
p r e s e n t e d  s i m u l t a n e o u s l y .  T h i s  s u g g e s t e d  t h a t  t h e  e f f e c t s  of n o i s e  
a r e  l i k e l y  to be  o b s e r v e d  in  p r e s e n t a t i o n  c o n d i t i o n s  w h ic h  i m p o s e  
r e s t r i c t i o n s  on  th e  t i m e  a v a i l a b l e  f o r  r e h e a r s i n g  i t e m s  a n d  a l s o  
w h e r e  r e h e a r s a l  d e p e n d s  on s o m e  i n t e r n a l  s t o r e d  r e p r e s e n t a t i o n  
of th e  i t e m s  r a t h e r  t h a n  b e in g  g u id e d  by  the  v i s u a l  a v a i l a b i l i t y  of 
th e  i t e m s .  T h i s  s u g g e s t i o n  w as  l a t e r  c o n f i r m e d  in  E x p e r i m e n t  7 
w h e r e  i t  w a s  show n th a t  n o i s e  s ig n i f i c a n t l y  s lo w e d  the  t i m e  t a k e n  
to  r e h e a r s e  i t e m s  h e l d  in  s o m e  i n t e r n a l  m e m o r y  s t o r e  bu t  h a d  no  
e f f e c t s  in  c o n d i t i o n s  w h e r e  the  i t e m s  to be  r e h e a r s e d  w e r e  v i s u a l l y  
a v a i l a b l e  to  th e  s u b je c t .
A s  p o in t e d  out  in  C h a p t e r  2, r e h e a r s a l  in  s e r i a l  o r d e r  
r e c a l l  t a s k s  i s  p r o b a b l y  m e d i a t e d  t h r o u g h  p h o n o l o g i c a l  cod ing  of
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th e  i t e m s  s in c e  t h i s  m e t h o d  i s  p u r p o r t e d  to be e s p e c i a l l y  u s e f u l  
f o r  t h e  r e t e n t i o n  of o r d e r  i n f o r m a t i o n .  A s s u m i n g  th a t  s u c h  a 
p h o n o l o g i c a l  r e p r e s e n t a t i o n  is  be ing  u s e d ,  the  r e s u l t s  of E x p e r i m e n t  
1 and  2 s u g g e s t  th a t  d i f f i c u l t i e s  in  a v a i l a b i l i t y  of the  p h o n o l o g i c a l  
r e p r e s e n t a t i o n  m a y  p o s s i b l y  a c c o u n t  f o r  the  r e s u l t s  o b ta in e d .
The q u e s t i o n  of the  a m o u n t  of t i m e  a v a i l a b l e  f o r  
r e t r i e v a l  of a  p h o n o lo g i c a l  r e p r e s e n t a t i o n  a n d  f o r  r e h e a r s a l  w a s  
f u r t h e r  e x p l o r e d  in  E x p e r i m e n t s  3 an d  4. V e r y  f a s t  r a t e s  of 
s t i m u l u s  p r e s e n t a t i o n  w e r e  u s e d  in  o r d e r  to  p r e v e n t  p h o n o l o g i c a l  
c o d in g  o r  r e h e a r s a l  o c c u r r i n g  d u r in g  the  p r e s e n t a t i o n  of i t e m s .  
H o w e v e r  o p p o r t u n i t y  f o r  r e t r i e v a l  of a  p h o n o l o g i c a l  r e p r e s e n t a t i o n  
an d  f o r  r e h e a r s a l  w a s  p r o v i d e d  in  s o m e  c a s e s  in  a d e l a y  p e r i o d  
fo l lo w in g  p r e s e n t a t i o n  of the  i t e m s .  It w a s  show n th a t  a l t h o u g h  
th e  f a s t  r a t e  of p r e s e n t a t i o n  a l m o s t  c o m p l e t e l y  e l i m i n a t e d  the  
p h o n e m i c  s i m i l a r i t y  e f f ec t ,  loud  n o i s e  i m p r o v e d  r e c a l l  p e r f o r m a n c e  
of  i t e m s  fo l lo w ed  by  the  d e l a y  i n t e r v a l ,  p a r t i c u l a r l y  f o r  i t e m s  
p r e s e n t e d  l a t e  in  the  l i s t .  In a d d i t i o n  the  r e s u l t s  of E x p e r i m e n t  
4 s h o w e d  th a t  at  a  s lo w  r a t e  of p r e s e n t a t i o n  (^s  p e r  i t e m )  r e c a l l  
of a c o u s t i c a l l y  s i m i l a r  l e t t e r s  i m p r o v e d  r e l a t i v e  to  t h a t  of 
d i s s i m i l a r  l e t t e r s  p a r t i c u l a r l y  if s u b j e c t s  w e r e  e n g a g in g  i n  
o v e r t  a r t i c u l a t i o n  a t  th e  t i m e  of p r e s e n t a t i o n  of  i t e m s .  T h i s  
r e s u l t  w a s  i n t e r p r e t e d  a s  l e n d in g  f u r t h e r  s u p p o r t  to th e  n o t i o n  
t h a t  n o i s e  had  s o m e  e f f e c t s  a t  th e  p h o n o lo g i c a l  s t a g e  of p r o c e s s i n g  
a n d  r e h e a r s a l  s i n c e  p r e s u m a b l y  b o th  t h e s e  s t a g e s  a r e  l i k e l y  to  
r e l y  on s o m e  type  of a r t i c u l a t o r y  code .
1 6 3 / 1 6 4
L e a v i n g  a s i d e  s e r i a l  o r d e r  r e c a l l  f o r  th e  m o m e n t  
th e  n e x t  two e x p e r i m e n t s  looked  at  th e  e f f e c t s  of n o i s e  in  a 
r e c o g n i t i o n  a n d  a f r e e  r e c a l l  t a s k .  R e s e a r c h  on the  e f f e c t s  of 
n o i s e  on m e m o r y  u s in g  the  f r e e  r e c a l l  p a r a d i g m  (a s  r e v i e w e d  
in C h a p t e r  1) h a d  a l s o  i n d i c a t e d  a p r e f e r e n c e  b y  s u b j e c t s  f o r  
e n g a g i n g  in m a i n t e n a n c e  r e h e a r s a l ,  t h u s  p r o m o t i n g  the  t e n d e n c y  
f o r  i t e m s  to  be  r e c a l l e d  in  the  o r d e r  of p r e s e n t a t i o n .  One 
c o n s e q u e n c e  of  t h i s  in a f r e e  r e c a l l  t a s k  w h e r e  i t e m s  c o u ld  be  
r e c a l l e d  a c c o r d i n g  to s e m a n t i c  c a t e g o r y ,  i s  t h a t  the  l e v e l  of 
s e m a n t i c  o r g a n i z a t i o n  u s e d  by  s u b j e c t s  in  n o i s e  i s  r e d u c e d .
T h i s  p h e n o m e n o n  h a s  s o m e t i m e s  b e e n  i n t e r p r e t e d  to  i n d i c a t e  t h a t  
i m p a i r m e n t  of s e m a n t i c  p r o c e s s i n g  in  n o i s e  p e r h a p s  u n d e r l i e s  
th e  c h o i c e  of a  m a i n t e n a n c e  r e h e a r s a l  s t r a t e g y .  H o w e v e r  r e c e n t  
s t u d i e s  h a v e  i n d i c a t e d  th a t  t h i s  i s  no t  a  n e c e s s a r y  c o n s e q u e n c e  
of n o i s e  e x p o s u r e .
F i r s t l y  i t  h a s  b e e n  show n th a t  u s e  of a  m a i n t e n a n c e  
r e h e a r s a l  s t r a t e g y  m a y  be  s p e c i f i c  to th e  t a s k s  s u b j e c t s  a r e  
r e q u i r e d  to p e r f o r m .  F o r  e x a m p l e  L e w i s  (1981) s h o w e d  t h a t  
s u b j e c t s  e x p e c t in g  a  r e c a l l  t e s t  p e r f o r m  d i f f e r e n t l y  f r o m  s u b j e c t s  
e x p e c t i n g  a r e c o g n i t i o n  t e s t  an d  th a t  on ly  in  th e  f o r m e r  c a s e  i s  
m e m o r y  p e r f o r m a n c e  a f f e c t e d  by  n o i s e .  A l th o u g h  a  d i r e c t  t e s t  
of t h i s  h y p o t h e s i s  w a s  no t  m a d e ,  th e  r e s u l t s  of E x p e r i m e n t  6 
l e n d  s o m e  s u p p o r t  to  th e  ab o v e  c o n c l u s i o n s .  E x p e r i m e n t s  s h o w e d  
t h a t  s u b j e c t s  e x p o s e d  to  85 dB C  w hi te  n o i s e  a n d  l e d  to  e x p e c t  a 
r e c a l l  t e s t  did h a v e  a  t e n d e n c y  to r e c a l l  m o r e  i t e m s  in  th e  c o r r e c t
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s e q u e n c e  t h a n  th o s e  s u b j e c t s  e x p o s e d  to 65 dB C  w h i te  n o i s e .
H o w e v e r  p e r f o r m a n c e  on a r e c o g n i t i o n  t e s t ,  g iv e n  u n e x p e c t e d l y  
a f t e r  th e  r e c a l l  t e s t  s h o w e d  th a t  loud  n o i s e  h a d  no s i g n i f i c a n t  
e f f e c t s  on the  n u m b e r  of i t e m s  r e c o g n i s e d  in  c o m p a r i s o n  to  th e  
q u ie t  n o i s e  c o n d i t io n s .  When r e c o g n i t i o n  w a s  e x p e c t e d  ( E x p e r i m e n t  
5) n o i s e  a g a i n  h a d  no  s i g n i f i c a n t  e f f e c t s  on the  n u m b e r  of i t e m s  
r e c o g n i s e d .  A l s o  in  n e i t h e r  c a s e  w e r e  an y  e f f e c t s  of n o i s e  
o b s e r v e d  on th e  n u m b e r  of  f a l s e  a l a r m s  m a d e  f r o m  a m o n g  
s e m a n t i c a l l y  o r  p h o n e m i c a l l y  r e l a t e d  d i s t r a c t o r s .  T h i s  l a s t  
r e s u l t  w a s  p a r t i c u l a r l y  i n t e r e s t i n g  s in c e  i t  h a s  b e e n  s u g g e s t e d  in  
th e  p a s t  t h a t  n o i s e  p e r h a p s  b i a s e s  the  u s e  of  s t r a t e g i e s  b a s e d  on 
p h y s i c a l  p r o p e r t i e s  of i t e m s  an d  a w a y  f r o m  s e m a n t i c  s t r a t e g i e s .  
C e r t a i n l y  no e v i d e n c e  f o r  t h i s  w a s  fo und  w i th in  th e  r e c o g n i t i o n  
m e m o r y  p a r a d i g m .
S econd ly ,  e v i d e n c e  i s  a v a i l a b l e  to  s h o w  th a t  p r e f e r e n c e  
f o r  m a i n t e n a n c e  r e h e a r s a l  c a n  be  c o u n t e r a c t e d  by  g iv ing  s u b j e c t s  
a p p r o p r i a t e  i n s t r u c t i o n s  a b o u t  how  to p r o c e s s  the  i t e m s  m o r e  
b e n e f i c i a l l y .  F o r  e x a m p l e  W ild ing ,  M o h i n d r a  an d  B r e e n - L e w i s  
(1982) f o r c e d  s u b j e c t s  to u s e  a  s e m a n t i c  p r o c e s s i n g  s t r a t e g y  by  
u s e  of  a  s e m a n t i c  o r i e n t i n g  t a s k .  In t h e s e  c o n d i t i o n s  i t  w a s  sh o w n  
t h a t  n o i s e , l e t  a lo n e  i m p a i r i n g  r e c a l l  of  i t e m s  in  c a t e g o r i e s ,  
a c t u a l l y  i n c r e a s e d  i t  s l i g h t ly .  H o w e v e r  w hen  no  s e m a n t i c  
o r i e n t i n g  t a s k  w a s  u s e d ,  n o i s e  s l i g h t ly  i m p a i r e d  p e r f o r m a n c e  a n d  
u s e  of  c a t e g o r y  c l u s t e r i n g .
The  t h i r d  p i e c e  of e v i d e n c e  in r e l a t i o n  to the  p r e f e r r e d
u s e  of m a i n t e n a n c e  r e h e a r s a l  in n o i s e  i s  c o n c e r n e d  w i th  w h e t h e r
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a p p a r e n t  d i f f i c u l t i e s  in s e m a n t i c  p r o c e s s i n g  e n c o u n t e r d  in  n o i s e  
a r e  due to d i f f i c u l t i e s  e i t h e r  in the encod ing  of s e m a n t i c  f e a t u r e s  
of in d i v id u a l  i t e m s  o r  of e s t a b l i s h i n g  s e m a n t i c  r e l a t i o n s  b e t w e e n  
i t e m s .  D i r e c t  t e s t s  of s e m a n t i c  p r o c e s s i n g  in n o i s e  r e v e a l  no 
i m p a i r m e n t  ( E y s e n c k  an d  E y s e n c k ,  1979;  W i ld ing  a n d  M o h i n d r a ,
1982). In a d d i t i o n  Wilding an d  M o h i n d r a  (1982,  E x p e r i m e n t  2 a n d  
3) i n v e s t i g a t e d  s e m a n t i c  p r i m i n g  in  a l e x i c a l  d e c i s i o n  t a s k .
A s s o c i a t i v e  p r i m i n g  i s  o b s e r v e d  in a l e x i c a l  d e c i s i o n  t a s k  ( d e c i d e  
if t h i s  l e t t e r  s t r i n g  i s  a  w o r d  o r  no t)  w hen  r e l a t e d  i t e m s  p r e c e d e  
the  t a r g e t  on w h ich  the  d e c i s i o n  h a s  to  be  m a d e .  H e n c e  a q u i c k e r  
d e c i s i o n  i s  m a d e  th a t  " d o c t o r "  i s  a  w o r d  w hen  i t i s  p r e c e d e d  b y  
" n u r s e "  t h e n  w hen  i t i s  p r e c e e d e d  by  an  u n r e l a t e d  w o r d .  In E x p e r i m e n t  
2 , W i ld ing  and  M o h in d r a  p r e s e n t e d  w o r d s  i n  p a i r s ,  w i th  t h e  
d e c i s i o n  r e q u i r e d  on ly  in  the  c a s e  of the  s e c o n d , w h i c h  m i g h t  be  
a  w o r d  o r  a  n o n - w o r d ;  c l o s e n e s s  of a s s o c i a t i o n s  an d  i n t e r - i t e m  
d e l a y  w e r e  b o th  v a r i e d .  T ho u g h  th e  e x p e c t e d  p r i m i n g  e f f e c t  f r o m  
a s s o c i a t e d  i t e m s  o c c u r r e d ,  n e i t h e r  c l o s e n e s s  of th e  a s s o c i a t i o n ,  
n o r  d e l a y ,  n o r  n o i s e  a f f e c t e d  t h i s .  In E x p e r i m e n t  3, a  s e r i e s  of  
w o r d s  a n d  n o n - w o r d s  w a s  u s e d ,  e a c h  r e q u i r i n g  a d e c i s i o n .  A g a i n  
a p r i m i n g  e f f ec t  o c c u r r e d  bu t  i t  w a s  n o t  a f f e c t e d  by  n o i s e .  T h u s  
no e v i d e n c e  w a s  found f o r  n o i s e  a f f e c t in g  s e m a n t i c  p r o c e s s e s .
The  ab o v e  r e s u l t s  t h e r e f o r e  s e e m  to s u g g e s t  t h a t  
p r e f e r e n c e  f o r  m a i n t e n a n c e  r e h e a r s a l  i s  no t  due  to t h e  i m p a i r m e n t  
of s e m a n t i c  p r o c e s s i n g  b u t  t h a t  s u b j e c t s  m a y  c h o o s e  t h i s  s t r a t e g y  
in  r e s p o n s e  to  an  a w a r e n e s s  of the  d e m a n d s  p l a c e d  upon  t h e m  by  
t h e  r e q u i r e m e n t s  of the  t a s k  an d  by  th e  n e e d  to  o v e r c o m e  any  
p e r c e i v e d  f u t u r e  l o s s  in  p e r f o r m a n c e .  In o t h e r  w o r d s  i t  c o u l d  b e
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s a i d  t h a t  s u b j e c t s  i n v e s t  e x t r a  e f f o r t  to c o u n t e r a c t  p e r c e i v e d  
d i s r u p t i o n s  c a u s e d  by  n o i s e  and  th a t  t h i s  t a k e s  the  f o r m  of 
m a i n t e n a n c e  r e h e a r s a l  in t a s k s  t h a t  a r e  s e e n  a s  l i k e l y  to b e n e f i t  
f r o m  s u c h  i n v e s t m e n t ,  w h e r e a s  in o t h e r  t a s k s  t h e r e  m a y  b e  no  
o b v ious  w ay  of i n v e s t i n g  e x t r a  e f f o r t  o r  of m e a s u r i n g  i t s  e f f e c t s .
A l t e r n a t i v e l y  th e  u s e  of m a i n t e n a n c e  r e h e a r s a l  a s  
a  r e s p o n s e  to n o i s e  cou ld  be s e e n  a s  a  r e v e r s i o n  to  a  s i m p l e r ,  
r a t h e r  p r i m i t i v e  s t r a t e g y  u n d e r  s t r e s s  a n d  a s  s u c h  c o u ld  be  
c o n s i d e r e d  a s  a n o t h e r  e x a m p l e  of the  f ind ing  th a t  n o i s e  r e d u c e s  
f l e x i b i l i t y  o r  n a r r o w s  the  r a n g e  of p o s s i b l e  c u e s  o r  s t r a t e g i e s ,  
s i m i l a r  to the  e f f e c t s  o b s e r v e d  in  s o m e  p e r c e p t u a l  m o t o r  t a s k s  
s u c h  a s  t h o s e  d e m o n s t r a t e d  by  H o c k e y  (1970).
One o t h e r  a l t e r n a t i v e  not  c o n s i d e r e d  h i t h e r t o ,  i s  t h a t  
n o i s e  r e i n f o r c e s  o r  o t h e r w i s e  a f f e c t s  the  r e h e a r s a l  p r o c e s s  i t s e l f ,  
w h ic h  th u s  l e a d s  to i t s  p r o m o t i o n .  T h e r e f o r e  i n s t e a d  of p r e f e r e n c e  
f o r  m a i n t e n a n c e  r e h e a r s a l  b e in g  due to a f a i l u r e  in  s e m a n t i c  
p r o c e s s i n g  i t  m a y  b e  th e  r e s u l t  of a  c h a n g e  in  th e  o v e r a l l  p r o c e s s i n g  
c a p a c i t y  a v a i l a b l e  to  th e  s y s t e m  in n o i s e .  E x p e r i m e n t s  7 an d  8 
p u r s u e d  the  c a p a c i t y  q u e s t i o n  a n d  s h o w e d  t h a t  i f  s u b j e c t s  w e r e  
r e q u i r e d  to r e h e a r s e  i t e m s  o v e r t l y  in  n o i s e ,  in  c o m p a r i s o n  to 
r e a d i n g  t h e m  a lo u d  r e p e a t e d l y  in  n o i s e ,  t h e n  r e h e a r s a l  w a s  s l o w e d  
w h e r e a s  r e a d i n g  w a s  no t .  T h i s  e f f e c t  w a s  show n  to  o c c u r  b o th  f o r  
c o n s o n a n t  l e t t e r s  and  f o r  w o r d s  w i th  r e h e a r s a l  b e in g  i m p a i r e d  m o s t  
f o r  a c o u s t i c a l l y  confus  a b le  c o n s o n a n t s  a n d  w o r d s  of long  s p o k e n  
d u r a t i o n .  E x p e r i m e n t  9 t h e n  sh o w e d  th a t  s lo w in g  of r e h e a r s a l  
h a d  d i f f e r e n t  c o n s e q u e n c e s  f o r  m e m o r y  p e r f o r m a n c e  d e p e n d in g
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on the  p a r t i c u l a r  s t i m u l i  in  u s e .  W h e r e a s  p r e v i o u s l y  i t  h a d  b e e n  
s how n  th a t  loud  n o i s e  i m p r o v e d  m e m o r y  f o r  s t r i n g s  of a c o u s t i c a l l y  
c o n f u s a b le  l e t t e r s ,  the  r e s u l t s  of E x p e r i m e n t  9 s h o w e d  t h a t  th e  
ty p e  of e f f e c t  n o i s e  had  on m e m o r y  d e p e n d e d  on  th e  s p o k e n  l e n g t h  
of the  to -b e  - r  e m e m b e r  ed  i t e m s .  T h u s  m e m o r y  f o r  w o r d s  of long  
s p o k e n  l e n g th  w a s  p o o r e r  in n o i s e  t h a n  of s h o r t e r  w o r d s  an d  
p a r t i c u l a r l y  p o o r  f o r  long i t e m s  p r e s e n t e d  e a r l i e r  in t h e  l i s t .
T h e s e  e f f e c t s  w e r e  s i m i l a r  to  t h o s e  o b s e r v e d  by  B a d d e l e y ,  T h o m s o n  
an d  B u c h a n a n  (1975) and  i n d i c a t e  t h a t  p e r h a p s  n o i s e  i n t e r f e r e s  
w i th  o p e r a t i o n s  n o r m a l l y  r e q u i r i n g  the  u s e  of th e  a r t i c u l a t o r y  
loop .
It w a s  a r g u e d  th a t  the c o n s e q u e n c e s  of the  s lo w in g  
in  t h e  r a t e  at  w h ich  i t e m s  a r e  c i r c u l a t e d  in the  a r t i c u l a t o r y  loop  
d u r i n g  r e h e a r s a l  w i l l  d ep e n d  on o t h e r  a s p e c t s  of the  t a s k  a n d  a 
s i m p l e  m o d e l  w a s  d e v i s e d  f o r  t h e  s e q u e n c e  r e c a l l  t a s k  u s e d  b y  
W ild ing  an d  M o h i n d r a  (1980). In t h i s  m o d e l  th e  r a t e  of c i r c u l a t i o n  
(and  h e n c e  the  n u m b e r  of i t e m s  h e l d  in  th e  loop)  v a r i e d ,  a s  d id  
th e  p r o b a b i l i t y  of i t e m s  in  th e  loop  b e in g  c o n f u s e d  w i th  e a c h  o t h e r  
due  to  t h e i r  a c o u s t i c  s i m i l a r i t y ,  c a u s i n g  t h e m  to  e x c h a n g e  p o s i t i o n  
in  th e  l i s t .  With  th i s  m o d e l  i t  w a s  p o s s i b l e  to d e m o n s t r a t e  t h a t  s lo w in g  
of r e h e a r s a l  of  a c o u s t i c a l l y  s i m i l a r  i t e m s  w ou ld  be  b e n e f i c i a l  
b e c a u s e  the  r e d u c e d  p o s s i b i l i t i e s  of c o n f u s io n  o u tw e i g h e d  th e  l o s s  
i n  th e  n u m b e r  of i t e m s  he ld ,  w hile  th e  s a m e  s lo w in g  c o u ld  i m p a i r  
r e c a l l  of  a  s e q u e n c e  of a c o u s t i c a l l y  d i s s i m i l a r  i t e m s .  F o r  i t e m s  
of i n t e r m e d i a t e  a c o u s t i c  s i m i l a r i t y ,  s lo w in g  th e  r a t e  of  r e h e a r s a l  
i m p r o v e d  s e q u e n c e  r e c a l l  f o r  s h o r t  s p o k e n  l e n g th  w o r d s ,  bu t
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i m p a i r e d  i t  f o r  l o n g e r  s p o k en  l e n g th  i t e m s .  T h u s  the  g r e a t e r  
b e n e f i t s  of n o i s e  in the  r e c a l l  of a c o u s t i c a l l y  s i m i l a r  i t e m s  n o t e d  
b y  W i ld ing  an d  M o h i n d r a  (1980) and  r e p l i c a t e d  in  E x p e r i m e n t s  1, 3 
an d  4 in  t h i s  t h e s i s  w as  e x p l i c a b l e .  A l s o  th e  b e n e f i c i a l  e f f e c t s  of 
n o i s e  at  s lo w  p r e s e n t a t i o n  r a t e s  o b s e r v e d  i n  t h e  a b o v e  m e n t i o n e d  
e x p e r i m e n t s ,  w h ich  c o n t r a s t e d  w i th  th e  e f f e c t s  of a r t i c u l a t i n g  a l o u d  
co u ld  be  e x p l a i n e d  if the  s lo w e r  r e h e a r s a l  in n o i s e  i s  c o m p a t i b l e  
w i th  the l o n g e r  i n t e r - i t e m  i n t e r v a l .
T h e s e  r e s u l t s  s u g g e s t ,  h o w e v e r ,  t h a t  in  the  m a j o r i t y  
of m e m o r y  t a s k s ,  ad o p t in g  m a i n t e n a n c e  r e h e a r s a l  m a y  be  m a l a d a p t i v e ,  
a n d  t h e y  o f f e r  no r e a s o n  f o r  the  p r e f e r e n c e  w h ic h  s u b j e c t s  h a v e  f o r  
ad o p t in g  t h i s  s t r a t e g y  in  n o i s e .  H o w e v e r  t h e y  m a y  i n d i c a t e  w hy  
a s s o c i a t i v e  l i n k s  a r e  a p p a r e n t l y  i m p a i r e d  in  n o i s e  if i t  i s  a s s u m e d  
th a t  i t e m s  p a s s  t h r o u g h  the  a r t i c u l a t o r y  loop  e v e n  in  t h e  f r e e  r e c a l l  
s i t u a t i o n .  T h i s  a s s u m p t i o n  i s  qu i t e  l i k e l y  to  h o l d t r u e  w h e n  s u b j e c t s  
h a v e  no t  b e e n  g iv e n  any  i n d i c a t i o n  of the  l e n g t h  o r  the  c a t e g o r i z a b l e  
n a t u r e  of  the  l i s t ,  t h u s  m a k i n g  t h e m  a t  l e a s t  s t a r t  b y  u s i n g  a 
m a i n t e n a n c e  r e h e a r s a l  s t r a t e g y .  A  c o n s e q u e n c e  of the  s l o w e r  
r e h e a r s a l  and  the  r e d u c e d  n u m b e r  of i t e m s  in  the  a r t i c u l a t o r y  lo o p  
at  an y  one  t i m e  w ou ld  m e a n  th a t  t h e s e  c o n d i t i o n s ,  t h o u g h  f a c i l i t a t i n g  
s t r o n g  c o n n e c t i o n s  b e t w e e n  c o n s e c u t i v e  i t e m s  and  p r o m o t i n g  r e c a l l  
in  th e  c o r r e c t  o r d e r ,  w ou ld  i m p a i r  t h e  f o r m a t i o n  of an y  w i t h i n - 
c a t e g o r y  a s s o c i a t i o n s ,  s in c e  d i f f e r e n t  e x e m p l a r s  f r o m  th e  s a m e  
c a t e g o r y  (being  r a n d o m l y  d i s t r i b u t e d  in  the  l i s t )  w o u ld  be  u n l i k e l y  
to  be  h e l d  iii th e  loop  t o g e t h e r .  A w a r e n e s s  of l i s t  o r g a n i z a t i o n  b y  
c a t e g o r y  m a y  a r i s e  in  t i m e  a s  t h e  s u b j e c t  w o r k s  t h r o u g h  t h e  l i s t
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b u t  by  now  i t  m a y  be  too  l a t e  to a t t e m p t  c a t e g o r i z a t i o n  a s  the  o t h e r  
s t r a t e g y  p r e d o m i n a t e s .  H o w e v e r  s u b j e c t s  g iv e n  i n s t r u c t i o n s  
p r e c e d i n g  l i s t  p r e s e n t a t i o n ,  e m p h a s i z i n g  th e  c a t e g o r i z a b l e  n a t u r e  
of th e  l i s t ,  m a y  not  f a l l  in to  the m a i n t e n a n c e  r e h e a r s a l  t r a p  an d  
w i l l  t h u s  have  a v a i l a b l e  t h e  op t ion  of a  h i g h e r  l e v e l  p r o c e s s i n g  
s t r a t e g y .  In c o n c l u s i o n  the n ,  t h r e e  p o s s i b l e  g e n e r a l  e x p l a n a t i o n s  
(w h ich  a r e  no t  i n c o m p a t i b l e )  fo r  the  p r e f e r e n c e  of  m a i n t e n a n c e  
r e h e a r s a l  have  b e e n  e x p l o re d :
(i) T h a t  i t  r e p r e s e n t s  a r e g r e s s i o n  to a m o r e  p r i m i t i v e  m e m o r y  
s t r a t e g y  w h ic h  c a n  be  c o u n t e r a c t e d  by  m a k i n g  an  a l t e r n a t i v e  s t r a t e g y  
d o m i n a n t  t h r o u g h  i n s t r u c t i o n s  o r  t a s k  d e m a n d s ,  o r  th e  i n v e s t m e n t
of g r e a t e r  e f fo r t  u n d e r  s t r e s s .
(ii) T h a t  i t  i s  due to a s low ing  of r e h e a r s a l  r a t e  w h ic h  r e d u c e s  t h e  
t r a n s m i s s i o n  of i n f o r m a t i o n  t h r o u g h  a s s o c i a t i v e  l i n k s  w h ic h  m a y  
p r e c l u d e  the  op t ion  of u t i l i z in g  o p e r a t i o n s  n o r m a l l y  i n v o l v e d  in  th e  
o r g a n i z a t i o n  and  r e t r i e v a l  of i n f o r m a t i o n .
( i i i)  A  p o s s i b i l i t y  y e t  to be  c o n s i d e r e d  in  d e t a i l ,  t h a t  s lo w in g  in  
n o i s e  i s  r e s t r i c t e d  to o p e r a t i o n s  inv o lv in g  th e  r e t r i e v a l  of s p e e c h  
r e l a t e d  c o d e s  s u c h  a s  p r o v i d e d  by  an  a c o u s t i c  o r  a n  a r t i c u l a t o r y  
(o r  p h o n o lo g ic a l )  r e p r e s e n t a t i o n .
Of the  a b o v e ,  the  t h i r d  p o s s i b i l i t y  e m e r g e s  ou t  of  a  
n e e d  to c o n s i d e r  an  e x p l a n a t i o n  f o r  r a t e  of r e h e a r s a l  b e in g  s l o w e r  
in  n o i s e .  The  r e s u l t s  of E x p e r i m e n t s  7 an d  8 s h o w e d  th a t  r a t e  of 
o v e r t  r e h e a r s a l  f o r  i t e m s  v i s u a l l y  a v a i l a b l e  d u r i n g  r e h e a r s a l  w a s  
n o t  a f f e c t e d  u n d e r  n o i s e  e x p o s u r e ,  bu t  t h a t  i f  i t e m s  h a d  to  be  
r e t r i e v e d  f r o m  m e m o r y  f o r  r e h e a r s a l  t h e n  n o i s e  s lo w e d  r e h e a r s a l .
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T h i s  s u g g e s t e d  t h a t  n o i s e  in s o m e  w ay  i n t e r f e r e s  w i th  the  r e t r i e v a l  
p r o c e s s ,  e i t h e r  by  s low ing  the  p r o c e s s  i t s e l f  o r  b e c a u s e  th e  f o r m  
in w h ich  the  i n f o r m a t i o n  i s  r e p r e s e n t e d  i s  n o t  up to the  u s u a l  
s t a n d a r d .  So f a r  i t  h a s  b e e n  a s s u m e d  th a t  i t e m s  h e l d  in  i m m e d i a t e  
m e m o r y  a r e  c o d e d  u s in g  a s p e e c h  b a s e d  p h o n o l o g i c a l  c o d e .  The  
r e s u l t s  of e x p e r i m e n t s  3 and  4 s u g g e s t e d  t h a t  p e r h a p s  th e  a v a i l a b i l i t y  
of p h o n o lo g i c a l  c o d e s  w a s  i m p a i r e d  by  n o i s e .  I n v e s t i g a t i o n  in to  
th e  n a t u r e  of t h e s e  c o d e s  h a s  r e c e n t l y  t a k e n  p l a c e  w i th in  th e  
c o n t e x t  of the  r e a d i n g  l i t e r a t u r e  w h e r e  i t  h a s  b e e n  s u g g e s t e d  t h a t  
tw o  t y p e s  of p h o n o logy  e x i s t .  The  f i r s t  of t h e s e  i s  k n o w n  a s  
p r e l e x i c a l  ph o n o lo g y  w hich ,  a s  the  n a m e  s u g g e s t s  i s  u s e d  p r i o r  to 
a c c e s s  to t h e  l e x ic o n ,  f o r  e x a m p l e  to b l e n d  t o g e t h e r  the  s o u n d s  
f r o m  a s t r i n g  of l e t t e r s  (m a i n ly  u s e d  w i th  n o n - w o r d s  o r  n e w  w o r d s ) .  
P o s t l e x i c a l  phono logy ,  on the  o t h e r  h and ,  i s  u s e d  a f t e r  l e x i c a l  
a c c e s s  and  i s  p r e s u m a b l y  m a i n l y  u s e d  f o r  t h e  n a m i n g  of l e t t e r s  
o r  w o r d s .  G iven  t h i s  d i s t i n c t i o n  b e t w e e n  p r e  an d  p o s t l e x i c a l  
p h o n o lo g y  the  a s s u m p t i o n  g e n e r a l l y  m a d e  in  the  c a s e  of i m m e d i a t e  
m e m o r y  ( see  d i s c u s s i o n  in  C h a p t e r  2) i s  t h a t  th e  p r o c e s s  of r e h e a r s a l  
p r e d o m i n a n t l y  r e l i e s  on  th e  u s e  of a  p o s t l e x i c a l  p h o n o l o g i c a l  t r a c e .
It h a s  a l s o  b e e n  s u g g e s t e d  by  s o m e  r e s e a r c h e r s  t h a t  r e a d i n g  an d  
c o m p r e h e n s i o n  of  t e x t u a l  m a t e r i a l  m a y  a l s o  m a k e  u s e  of  p o s t l e x i c a l  
p h o n o lo g y  w h ich  p r e s u m a b l y  p r o v i d e s  th e  n e c e s s a r y  m e m o r y  f o r  
h o ld in g  the  in d i v id u a l  w o r d s  w h i le  the  g i s t  of th e  s e n t e n c e  i s  b e i n g  
p i e c e d  t o g e t h e r .
I
The  l a s t  e x p e r i m e n t  r e p o r t e d  in t h i s  t h e s i s  i n v e s t i g a t e d  
d i r e c t l y  th e  e f f e c t s  of n o i s e  on r e t r i e v a l  of p o s t l e x i c a l  pho n o lo g y .
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T h e  p u r p o s e  of  t h i s  e x p e r i m e n t  w as  to i n v e s t i g a t e  if n o i s e  d i s r u p t e d  
t h e  p r o c e s s  w h e r e b y  i n f o r m a t i o n  i s  t r a n s f e r r e d  f r o m  a l e x i c a l  to  
a  p h o n o lo g i c a l  r e p r e s e n t a t i o n ;  fo r  t h i s  s u b j e c t s  w e r e  r e q u i r e d  to 
p e r f o r m  a r h y m e  j u d g e m e n t  t a s k  on a p a i r  of v i s u a l l y  p r e s e n t e d  
i t e m s ,  one of w h ich  at  l e a s t  w a s  a n  i r r e g u l a r  w o r d  ( thus  p r e s u m a b l y  
r e q u i r i n g  the  u s e  of p o s t l e x i c a l  p h o n o lo g y  f o r  p r o n o n c i a t i o n ) ,  in 
c o m p a r i s o n  to a s y n o n y m  j u d g e m e n t  t a s k .  The  r e s u l t s  s h o w e d  
th a t  n o i s e  s ig n i f i c a n t l y  s lo w ed  r h y m e  j u d g e m e n t s  b u t  h a d  on ly  
s l i g h t  an d  non  - s i g n i f i c a n t  e f f e c t s  on s y n o n y m  j u d g e m e n t s ,  t h u s  
c o n f i r m i n g  the  p r e d i c t i o n  th a t  n o i s e  e f f e c t s  w e r e  s p e c i f i c  to  t h e  
p o s t l e x i c a l  s t a g e  of p r o c e s s i n g .  H o w e v e r  t h e  r e s u l t s  of  a  l a t e r  
e x p e r i m e n t  by  Wilding (Wild ing  and  M o h i n d r a ,  1982) h a v e  c a s t  s o m e  
d o u b t s  upon  th e  ab o v e  c o n c l u s i o n s ,  f o r  in  a n  e x p e r i m e n t  
e x e r c i s i n g  t i g h t e r  c o n t r o l  o v e r  the  p r o c e s s e s  p r e s u m e d  to be  
o p e r a t i n g ,  i t  w as  shown th a t  n o i s e  s p e c i f i c a l l y  a f f e c t e d  r e t r i e v a l  
of p r e l e x i c a l  p h o n o logy  an d  h a d  no e f f e c t  on p o s t l e x i c a l  p h o n o lo g y .  
W i ld ing  h a s  s u g g e s t e d  s o m e  doub ts  ab o u t  the  s t i m u l i  u s e d  in  
E x p e r i m e n t  10 an d  h a s  p o in t e d  out  t h a t  one v i t a l  c o n t r o l  co n d i t io n ,  
n a m e l y  i n c l u s i o n  of a  l i s t  of non  w o r d s  in  th e  r h y m i n g  t a s k  w a s  
m i s s i n g .
In a f in a l  d i s c u s s i o n  of t h e i r  r e s u l t s  W ild ing  and  
M o h i n d r a  (1982) po in t  out  t h a t  th e  e f f e c t s  of n o i s e  o b s e r v e d  in  th e  
r h y m i n g  t a s k  (as r e p o r t e d  in the  a p p en d ix )  a r e  c l e a r l y  d i f f e r e n t  
f r o m  th o s e  o b s e r v e d  by  B e s n e r  e t  a l  (1981,  E x p e r i m e n t  3) u s i n g  
a r t i c u l a t o r y  s u p p r e s s i o n  i n s t e a d  of  n o i s e .  B e s n e r  e t  a l  h a d  sh o w n  
t h a t  a r t i c u l a t o r y  s u p p r e s s i o n  a f f e c t e d  b o th  a c c u r a c y  a n d  s p e e d  of
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p o s t l e x i c a l  r h y m e  j u d g e m e n t s  bu t  only  a f f e c t e d  th e  a c c u r a c y  of 
p r e l e x i c a l  p h o n o lo g i c a l  j u d g e m e n t s .  In a n  a t t e m p t  to  r a t i o n a l i z e  
th e  d i f f e r e n t  e f f e c t s  of n o i s e  an d  s u p p r e s s i o n  W i ld ing  an d  M o h i n d r a  
p r e s e n t  a  m o d e l  w h ich  s u g g e s t s  th a t  n o i s e  a n d  s u p p r e s s i o n  a f f e c t  
s e p a r a t e  c o m p o n e n t s  of the  p r o c e s s i n g  s y s t e m .  Two a s s u m p t i o n s  
w e r e  m a d e  to m a k e  i t  p o s s i b l e  f o r  the  m o d e l  to  e x p l a in  the  ( s e e  F i g  1 0 .  l )  
o b s e r v e d  e f f e c t s .  F i r s t l y  i t  w a s  a s s u m e d  th a t  r h y m e  j u d g e m e n t s  
c a n  be  b a s e d  on m a t c h i n g  e i t h e r  a r t i c u l a t o r y  o r  p h o n o l o g i c a l  c o d e s  
a n d  s e c o n d l y  i t  i s  p r o p o s e d  th a t  t h e r e  i s  a  d i r e c t  l i n k  f r o m  th e  
l e x i c o n  to the a r t i c u l a t o r y  c o d e s  bu t  no t  f r o m  the  l e x i c o n  to  
p h o n o lo g i c a l  c o d e s .  The  l a t t e r  w e r e  a s s u m e d  to be  a c c e s s e d  e i t h e r  
f r o m  p r i n t ,  s p e e c h  o r  a r t i c u l a t o r y  c o d e s .  A l th o u g h  t h e r e  i s  no 
d i r e c t  e v i d e n c e  f o r  m a k in g  t h e s e  a s s u m p t i o n s ,  e q u a l ly  t h e r e  i s  
no c l e a r  e v id e n c e  a g a i n s t  t h e m .  It w a s  f u r t h e r  a s s u m e d  th a t  
s u p p r e s s i o n  i n t e r f e r e s  w i th  a r t i c u l a t o r y  c o d e s  by  o c c u p y i n g  th e  
b u f f e r  w h ic h  h o ld s  t h e m ,  and  th a t  n o i s e  i n t e r f e r e s  w i th  a c c e s s  to  
p h o n o lo g i c a l  c o d e s .  T h e  o b s e r v e d  f in d in g s  a r e  t h e n  e x p l a i n e d  a s  
fo l lo w s :
(a) S u p p r e s s i o n  i n t e r f e r e s  d i r e c t l y  w i th  p o s t l e x i c a l  r h y m e  j u d g e m e n t s  
by  c o r r u p t i n g  the  a r t i c u l a t o r y  c o d e s  on w h ic h  t h e s e  a r e  b a s e d ,  bu t
i t  i n t e r f e r e s  on ly  i n d i r e c t l y  w i th  p r e l e x i c a l  r h y m e  j u d g e m e n t s  by  
inpu t  to  the  p h o n o lo g i c a l  b u f f e r  f r o m  the  a r t i c u l a t o r y  b u f f e r  o r  
f r o m  a c o u s t i c  f e e d b a c k .
(b) N o i s e  s low s  a c c e s s  to the  p h o n o lo g i c a l  b u f f e r  an d  t h i s  i n t e r f e r e s  
w i th  p r e l e x i c a l  r h y m e  j u d g e m e n t s ,  b u t  l e a v e s  p o s t l e x i c a l  r h y m e  
j u d g e m e n t s  u n s c a t h e d  b e c a u s e  the  a r t i c u l a t o r y  b u f f e r  i s  u n a f f e c t e d
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figure 10.1
Hypothesised flow of information to explain the results 
of experiments on the effects of noise and articulatory 
suppression.
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( e x c e p t  p o s s i b l y  f r o m  s o m e  inpu t  f r o m  th e  p h o n o l o g i c a l  b u f f e r ) .
(c) The  r e a d i n g  t a s k  in  E x p e r i m e n t  7 an d  8, i t  i s  a s s u m e d  c o u ld  
u s e  th e  l e x i c a l  r o u t e ,  e s p e c i a l l y  a s  s u b j e c t s  w e r e  a l l o w e d  to 
i n s p e c t  the  w o r d s  f o r  a s  long a s  t h e y  w is h e d .  T h e  r e h e a r s a l  t a s k ,  
h o w e v e r ,  r e q u i r e d  the  u s e  of the  a r t i c u l a t o r y  loop  w h ic h  c y c l e s  
i n f o r m a t i o n  r e p e a t e d l y  b e t w e e n  the  a r t i c u l a t o r y  an d  p h o n o l o g i c a l  
b u f f e r s .  T h i s  cy c l in g  is  s low ed  by  th e  i m p a i r e d  a c c e s s  to  t h e  
p h o n o l o g i c a l  b u f f e r  in n o i s e ,  y i e ld in g  the  e f f e c t s  on m e m o r y  
d i s c u s s e d  e a r l i e r .
It w i l l  be n o t e d  t h a t  in  th e  a b o v e  m o d e l  a d i s t i n c t i o n  
i s  m a d e  b e t w e e n  a  p h o n o lo g i c a l  r e p r e s e n t a t i o n  a n d  a n  a r t i c u l a t o r y  
r e p r e s e n t a t i o n .  R e c e n t  e x p o s i t i o n s  by  B a d d e l e y  et  a l  (1981) an d  by  
B e s n e r  e t  a l  (1981) a l s o  s u g g e s t  th e  e x i s t e n c e  of two s e p a r a t e  
p h o n o l o g i c a l  c o d e s .  A l th o u g h  no  c l e a r  d e s c r i p t i o n  of  t h e s e  c o d e s  
i s  a v a i l a b l e  th e  p r o p o s a l  i s  t h a t  the  a r t i c u l a t o r y  co d e  c a n  be  
p r e v e n t e d  by  a r t i c u l a t o r y  s u p p r e s s i o n ,  w h i le  the  s e c o n d  c o d e ,  w h i c h  
i s  d e s c r i b e d  a s  a  type  of a u d i t o r y  i m a g e ,  i s  n o t  a f f e c t e d  b y  
s u p p r e s s i o n .  H o w e v e r  s in c e  the  e f f e c t s  of n o i s e  d i f f e r  f r o m  t h o s e  
of s u p p r e s s i o n  i t  i s  l i k e ly  t h a t  n o i s e  s p e c i f i c a l l y  a f f e c t s  th e  s e c o n d ,  
i.  e.  the  p h o n o lo g i c a l  ty pe  of code .
S i m i l a r  d i s t i n c t i o n s  b e t w e e n  a r t i c u l a t o r y  a n d  a c o u s t i c  
c o d e s  h a v e  b e e n  m a d e  in the  p a s t  ( W i c k e l g r en, 1979) a n d  h a v e  a l s o  
b e e n  r e f e r r e d  to w i th in  the  co n tex t  of n o i s e  e f f e c t s  on  m e m o r y  
( P o u l to n ,  1977; B r o a d b e n t ,  1978; P o u l t  on,  1979,  H a r t l e y ,  1981).  
U n f o r t u n a t e l y  no d i r e c t  t e s t s  d i s t i n g u i s h i n g  the  tw o  r e p r e s e n t a t i o n s  
h a v e  b e e n  m a d e  and  r e c e n t  a t t e m p t s  u s in g  n o i s e ,  u n a t t e n d e d  s p e e c h
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an d  s u p p r e s s i o n  a r e  t h u s  e n c o u r a g i n g .  H o w e v e r  the  w a y  in  
w h ic h  th e  two c o d e s  i n t e r a c t  h a v e  y e t  to be  c l a r i f i e d  a n d  m o r e  
r e s e a r c h  i s  n e e d e d  in  th i s  a r e a .  M e a n w h i le  i t  i s  s u g g e s t e d  
t h a t  m a i n t e n a n c e  r e h e a r s a l  i n v o l v e s  c y c l in g  b e t w e e n  a r t i c u l a t o r y  
a n d  p h o n o lo g i c a l  r e p r e s e n t a t i o n s  an d  a s  s u c h  i s  s e n s i t i v e  to n o i s e .
The  f in a l  c o n c l u s i o n  t h e r e f o r e  i s  t h a t  a l t h o u g h  n o i s e  
h a s  t r a d i t i o n a l l y  b e e n  r e g a r e d  a s  a  m e a n s  of in d u c in g  a r o u s a l ,  th e  
e f f e c t s  o b s e r v e d  and  o u t l in e d  in t h i s  t h e s i s  s u g g e s t  t h a t ,  a t  l e a s t  
f o r  t h e  r a n g e  of n o i s e  (65 to 85 dBC)  and  f o r  t h e  t y p e s  of  t a s k s  
u s e d  h e r e ,  t h a t  an  e x p l a n a t i o n  of i t s  e f f e c t s  in t e r m s  of a r o u s a l  
a r e  u n w a r r a n t e d .  I n s t e a d  th e  e v i d e n c e  p o i n t s  to  n o i s e  i m p a i r i n g  
e f f e c t i v e  u s e  of p h o n o lo g i c a l  c o d e s  w h ich  c a u s e s  s u b j e c t s  to  c h a n g e  
th e  s t r a t e g i e s  t h e y  n o r m a l l y  e m p l o y  to p r o c e s s  v i s u a l  i n f o r m a t i o n  
f o r  th e  p u r p o s e  of  r e m e m b e r i n g .  T h e s e  c h a n g e s  in s t r a t e g y  th u s  
u n d e r l i e  the  o b s e r v e d  e f f e c t s  on m e m o r y  p e r f o r m a n c e .  H o w e v e r ,  
t h i s  d o e s  no t  m e a n  to i m p l y  th a t  a l l  e f f e c t s  of n o i s e  on  h u m a n  
p e r f o r m a n c e  can  be a c c o u n t e d  f o r  in t h i s  way .  P e r h a p s  a t  h i g h e r  
l e v e l s  of  n o i s e ,  o t h e r  e f f e c t s  due to  i t s  a r o u s i n g ,  d i s t r a c t i n g  a n d  
f a t i g u in g  p r o p e r t i e s  a l s o  o c c u r ,  bu t  no  a t t e m p t  h a s  b e e n  m a d e  to 
e x p l a i n  t h e s e  e f f e c t s  w i th in  the  c o n te x t  of th e  r e s e a r c h  r e p o r t e d  
h e r e .
E x p l a n a t i o n s  of o t h e r  d i s c r e p a n t  f i n d i n g s  d i s c u s s e d  
in  t h e  i n t r o d u c t i o n ,  f o r  e x a m p l e  th e  s u p p o s e d  i m p r o v e m e n t  in  long  
t e r m  m e m o r y  of m a t e r i a l  l e a r n e d  in h ig h  a r o u s a l  c o n d i t i o n s ,  s t i l l  
r e m a i n  u n c l e a r .  But  H o c k e y ' s  (1977) p r o p o s a l  t h a t  a l m o s t  e v e r y  
s tu d y  f in d in g  the  above  r e s u l t  r e l i e d  on  e p i s o d i c  m e m o r y  a n d  i t s
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i m p l i c a t i o n  th a t  h igh  a r o u s a l  l e a d s  to b e t t e r  e p i s o d i c  m e m o r y ,  b e c a u s e  
of s t r o n g e r  o r d e r i n g  an d  l i t e r a l  s t o r a g e  of i n f o r m a t i o n ,  s e e m s  m o r e  
t h a n  p l a u s i b l e  w i th  n o i s e ,  a t  l e a s t ,  a s  i t  h a s  a l r e a d y  b e e n  s how n  
th a t  n o i s e  p r o m o t e s  m a i n t e n a n c e  r e h e a r s a l  and  i m p r o v e s  r e c a l l  
in the  o r i g i n a l  o r d e r .
178
A P P E N D I X
179
A P P E N D I X  1 
E x t r a c t  f r o m  Wilding and  M o h in d r a  (1982):
E x p e r i m e n t  V 
M ETH O D
The i m p r o v e m e n t  to o k  the  f o r m  of p r e s e n t i n g  one  
w o r d ,  f o l l o w e d  by  a n o t h e r  w h ic h  h a d  to be  m a t c h e d  w i th  i t ,  so 
on ly  the  t i m e  to encode  th e  s e c o n d  w o r d  and  m a t c h  i t  to the  f i r s t  
w a s  m e a s u r e d .  T h r e e  t a s k s  w e r e  e m p lo y e d :
(a) a  v i s u a l  m a t c h i n g  t a s k  w i thou t  n o i s e  to o b ta in  a  b a s e l i n e  
l a t e n c y  fo r  e a c h  s u b j e c t  an d  p r o v i d e  a p r a c t i c e  r u n .  W o r d s  h a d  
to be  m a t c h e d  on the  l a s t  t h r e e  l e t t e r s  : in  f a c t  a l l  of t h e m  
r h y m e d  a l s o .
(b) a  r h y m e  j u d g e m e n t  t a s k  in  w h ic h  th e  s e c o n d  w o r d  p r e s e n t e d
/
r e q u i r e d  a c c e s s  to p o s t l e x i c a l  phono logy .
(c) a  r h y m e  j u d g e m e n t  t a s k  in  w h ic h  a w o r d  w a s  fo l l o w e d  b y  a 
n o n s e n s e  s y l l a b l e  w h ic h  r e q u i r e d  u s e  of r e g u l a r  p r o n u n c i a t i o n  
r u l e s  to m a t c h  it  to the  p r e c e d i n g  w o rd .  It w a s  h o p e d  t h a t  t h i s  
t a s k  w ou ld  tap  u s e  of  th e  p r e l e x i c a l  r o u t e  to p h o no logy .
M a t e r i a l s .
(a) M a tc h i n g  p a i r s  w e r e  w o r d s  w i th  a t  l e a s t  the  l a s t  t h r e e  
l e t t e r s  i d e n t i c a l  and  w h ic h  a l s o  r h y m e d  (P A IL  SAIL) a n d  
n o n - m a t c h i n g  p a i r s  w e r e  f o r m e d  f r o m  a s i m i l a r  w o r d  a n d  a 
w o r d  d i f f e r i n g  in a l l  the .  l a s t  t h r e e  l e t t e r s  (SNAIL F O O T ) ,
(b) R h y m i n g  p a i r s  w e r e  a w o r d  fo l l o w ed  by  a  w o r d  r h y m i n g  
w i t h  th e  f i r s t  bu t  w i th  the  end ing  s p e l l e d  d i f f e r e n t l y  an d  in  s u c h
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a w ay  th a t  s o m e  o t h e r  w o r d s  w i th  the  s a m e  end ing  a r e  p r o n o u n c e d  
d i f f e r e n t l y  (S L A T E  F R E I G H T  o r  F O E  SEW).  N o n - r h y m i n g  
p a i r s  c o n s i s t e d  of a  w o r d  p r o n o u n c e d  in the  s a m e  w ay  a s  the  
f i r s t  w o r d  of the  m a t c h e d  r h y m i n g  p a i r  an d  a w o r d  s p e l l e d  l i k e  th e  
s e c o n d  w o r d  of th e  m a t c h e d  r h y m i n g  p a i r  b u t  p r o n o u n c e d  
d i f f e r e n t l y  (C R A T E  HEIGHT o r  HOE F E W ) .
(c) R h y m i n g  p a i r s  c o n s i s t e d  of a w o r d  end ing  in  a s o u n d  w h ic h  
c a n  b e  s p e l l e d  in s e v e r a l  w a y s ,  fo l l o w e d  by  a  n o n s e n s e  w o r d  
w h ic h  co u ld  be  u n a m b i g o u s l y  p r o n o u n c e d  to r h y m e  w i th  the  p r e c e d i n g  
w o r d ,  b u t  w h ich  w a s  s p e l l e d  d i f f e r e n t l y  (BEA N  D E N E  o r  D E A F  
T R E A P H ) .  N o n - r h y m i n g  p a i r s  s i m p l y  h a d  the  f i r s t  w o r d  s i m i l a r  
to  t h a t  in  th e  r h y m i n g  p a i r  and  the  n o n s e n s e  w o r d  c o u ld  be  
u n a m b i g o u s l y  p r o n o u n c e d  no t  to r h y m e  w i th  th e  p r e c e d i n g  w o r d  
(M EA N  SINE o r  C H E F  DAPH ).
F i f t y  p a i r s  of  w o r d s  w e r e  u s e d  in  e a c h  co n d i t io n ,  t e n  
a s  p r a c t i c e  an d  tw e n ty  e a c h  of m a t c h i n g  an d  n o n - m a t c h i n g  p a i r s  
in  e a c h  cond i t ion .
S u b j e c t s .
F o r t y  s u b j e c t s  w e r e  u s e d ,  m a l e s  a n d  f e m a l e s  f r o m  
s e v e r a l  s o u r c e s .  S o m e  w e r e  s t u d e n t s  a t t e n d in g  a s u m m e r  c o u r s e  
in  London ,  s o m e  w e r e  s t u d e n t s  a t  B e d f o r d  C o l l eg e  an d  s o m e  w e r e  
r e s i d e n t s  a t  a  h o s t e l  f o r  s in g le  p e o p le  in  London .
P r o c e d u r e
S u b je c t s  w e r e  r a n d o m l y  a s s i g n e d  to 65 o r  85 dB (C) 
n o i s e  w h ic h  w a s  p r e s e n t e d  c o n t in o u s ly  t h r o u g h o u t  th e  r u n  of  f i f ty  
t r i a l s .
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The e x p e r i m e n t  w a s  a g a i n  r u n  on a P E T  m i c r o ­
p r o c e s s o r .  A ll  s u b j e c t s  f i r s t  r e c e i v e d  c o n d i t io n  (a) w i thou t  
n o i s e  t h e n  c o n d i t io n s  (b) a n d  (c) in a  r a n d o m i z e d  o r d e r ,  b o t h  at  
th e  s a m e  l e v e l  of n o i s e .  O r d e r  of i t e m s  w a s  r a n d o m i z e d  
s e p a r a t e l y  fo r  e a c h  s u b j e c t  in  e a c h  c o n d i t io n .  T h e  f i r s t  w o r d  
w a s  p r e s e n t e d  f o r  0. 5s an d  the  s e c o n d  fo l lo w e d  i m m e d i a t e l y  
2 c m  to the  r i g h t  and  r e m a i n e d  u n t i l  a  r e s p o n s e  o c c u r r e d .  A f t e r  
th e  r e s p o n s e  t h e r e  w as  a d e l a y  of 1 . 6 s  u n t i l  the  n e x t  t r i a l .
S u b j e c t s  w e r e  i n s t r u c t e d  a s  fo l low s  :
"In t h i s  e x p e r i m e n t  y o u  h a v e  to  do t h r e e  v a r i a t i o n s  of the  
s a m e  t a s k .  You w i l l  be  p r e s e n t e d  w i th  one  w o r d  on th e  s c r e e n  a n d  
w h en  i t  v a n i s h e s  a s e c o n d  w o r d  w i l l  a p p e a r  i m m e d i a t e l y  b e s i d e  i t .  
Y our  t a s k  i s  to  judge  w h e t h e r  the  tw o  w o r d s  a r e  th e  s a m e  in  s o m e  
w a y  w h ic h  w i l l  be  i n d i c a t e d  an d  to p r e s s  one k e y  if t h e y  a r e  a n d  
a n o t h e r  i f  t h e y  a r e  no t .  P l e a s e  m a k e  y o u r  d e c i s i o n s  a s  q u i c k l y  
a s  p o s s i b l e  bu t  k e e p  e r r o r s  to a  m i n i m u m .  T h e  f i r s t  t a s k  i s  to 
d e c i d e  w h e t h e r  th e  two w o r d s  a r e  v i s u a l l y  th e  s a m e  in  t h e i r  
e n d i n g s  (at l e a s t  the  l a s t  t h r e e  l e t t e r s ,  a s  in  P A I L  a n d  SNAIL) .  
T h e s e  w o r d s  do in  f a c t  a l s o  r h y m e  b u t  y o u  c a n  do th e  t a s k  m o s t  
r a p i d l y  by  j u s t  look ing  fo r  v i s u a l  m a t c h i n g .  I w i l l  a s k  y o u  to w e a r  
the  h e a d p h o n e s  b u t  no n o i s e  w i l l  be  d e l i v e r e d  t h r o u g h  t h e m  d u r i n g  
t h i s  p a r t  of the  e x p e r i m e n t .
The  o t h e r  tw o t a s k s  w i l l  be  g iv e n  in  e i t h e r  p o s s i b l e  
o r d e r ,  bu t  the  c o m p u t e r  w i l l  i n f o r m  y o u  b e f o r e  e a c h  one  w h ic h  
t a s k  you  a r e  ab o u t  to  ge t .  D u r in g  b o th  t h e s e  t a s k s  a  h i s s i n g  n o i s e  
w i l l  be  g iv e n  th r o u g h  the  h e a d p h o n e s .
R h y m i n g  w o r d s .
In t h i s  t a s k  the  f i r s t  w o r d  i s  f o l l o w e d  b y  a s e c o n d  
one w h ic h  m a y  r h y m e  w i th  i t  bu t  lo o k  v e r y  d i f f e r e n t .  A  r h y m i n g  
p a i r  w oud be  T R U E  an d  T H R O U G H  an d  a n o n - r h y m i n g  p a i r  T R U E  
a n d  THOUGH. You can n o t  u s e  v i s u a l  s i m i l a r i t y  i n  t h i s  t a s k  to  
m a k e  y o u r  d e c i s i o n .
R h y m i n g  w o r d  and  n o n s e n s e  w o rd .
In t h i s  t a s k  the  f i r s t  w o r d  i s  f o l l o w e d  b y  a n o n s e n s e  
w o r d  w h ic h  m a y  r h y m e  w i th  i t  w h en  p r o n o u n c e d  in  th e  m o s t  
n a t u r a l  w ay  a c c o r d i n g  to E n g l i s h  p r o n u n c i a t i o n ,  b u t  a g a i n  lo o k  
v e r y  d i f f e r e n t .  A  r h y m i n g  p a i r  w ou ld  be  H O L E  an d  C H OA L a n d  
a  n o n - r h y m i n g  p a i r  H O L E  an d  T U L E .
A f t e r  the  f i r s t  t a s k  th e  c o m p u t e r  w i l l  a n n o u n c e  w h ic h  
of th e  o t h e r  tw o i s  to  c o m e  n e x t  and  l e a v e  y o u  a n  o p p o r t u n i t y  to
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lo o k  a t  t h e s e  i n s t r u c t i o n s  a g a in  if you  w i s h  b e f o r e  y o u  s t a r t  t h e  
s e c o n d  t a s k .  T h e r e  i s  a  s i m i l a r  p a u s e  b e f o r e  the  t h i r d  t a s k .  I 
w i l l  s how  you the " Y e s "  an d  "No"  k e y s  a n d  t h e s e  w i l l  s t a y  the  
s a m e  th r o u g h o u t  the  e x p e r i m e n t .  "
R E S U L T S
T a b l e  V. M e a n  l a t e n c i e s  in s e c o n d s  and  p e r c e n t a g e  e r r o r  in  E x p .  V.
N o i s e  l e v e l
65 d B C 85 d B C
Re s p o n s e Yes No % E r r o r Y es No % E r
V i s u a l  m a t c h  (no n o i s e ) 0 . 8 4 0. 83 2 0. 77 0. 80 5
R h y m e w o r d - w o r d 1 .0 3 1. 16 11 1 .01 1. 15 14
R h y m e w o r d - n o n  w o rd 1 . 0 5 1. 15 13 1. 16 1. 22 16
M e a n  l a t e n c i e s  w e r e  c a l c u l a t e d  f o r  e a c h  s u b j e c t  f o r  
th e  c o r r e c t  r e s p o n s e s  a f t e r  r e s p o n s e s  s h o r t e r  t h a n  0. 2s  h a d  b e e n  
d r o p p e d ,  t h e n  an y  r e s p o n s e  m o r e  t h a n  I s  s l o w e r  t h a n  th e  m e a n  
l a t e n c y  w a s  a l s o  d r o p p e d  and  th e  m e a n  r e c a l c u l a t e d .  T he  r e s u l t s  
a r e  sh o w n  in  T a b l e  V. A n a l y s i s  of  v a r i a n c e  on t h e  r e s u l t s  f o r  
c o n d i t i o n s  (b) and  (c) s h o w e d  s ig n i f i c a n t  e f f e c t s  of  T a s k  (F= 4.  92,  
d . f .  1 , 3 8 ,  P  < 0. 05); R e s p o n s e  ( F = 2 4 . 0 ,  d . f .  1 , 3 8 ,  P <  0. 001) a n d  
T a s k  X N o i s e  (F= 4. 25, d . f .  1, 38, P <  0. 05).  T he  N o i s e  e f f e c t  w a s  
n o t  s i g n i f i c a n t  (F> l ) .  P e r c e n t a g e  i n c r e a s e s  in  l a t e n c y  f r o m  
c o n d i t i o n  (a) w e r e  a l s o  c a l c u l a t e d  an d  the  d a t a  f o r  c o n d i t i o n s  (b) 
a n d  (c) r e a n a l y s e d .  The  T a s k  a n d  R e s p o n s e  e f f e c t s  w e r e  a g a i n  
s ig n i f i c a n t ,  t h e  N o i s e  e f f ec t  w a s  s i g n i f i c a n t  by  a  o n e - t a i l e d  t e s t  
( F = 3 . 2 6 ,  d . f .  1 ,3 8 ,  P < 0 . 0 5 ) ,  bu t  the  T a s k  X N o i s e  i n t e r a c t i o n  
f a i l e d  to r e a c h  s i g n i f i c a n c e  (F  =3. 16). H o w e v e r  s e p a r a t e  a n a l y s i s  
of t h e  tw o  c o n d i t io n s  s h o w e d  th a t  t h e  N o i s e  e f f ec t  w a s  n o t  s i g n i f i c a n t
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in  co n d i t io n  (b) (F  > 1) bu t  w as  s ig n i f i c a n t  in  c o n d i t i o n  (c) (F  =
4. 35, d. f. 1, 38, P  < 0. 05).  T h u s  i t  s e e m s  r e a s o n a b l e  to  c o n c l u d e  
t h a t  n o i s e  a f f e c t e d  a c c e s s  to p r e l e x i c a l  b u t  no t  p o s t l e x i c a l  p h o n o lo g y .  
T h e  e r r o r  r a t e  w a s  s o m e w h a t  h i g h e r  in  the  85 t h a n  in  th e  65 dB(C)  
c o n d i t io n ,  bu t  th e  i n c r e a s e  in  e r r o r  r a t e  f r o m  c o n d i t i o n  (a) w a s  
e x a c t l y  the  s a m e  in b o th  n o i s e  g r o u p s .  T h i s  s u g g e s t s  t h a t  the  85 
dB(C)  g r o u p  a d o p te d  a m o r e  l e n i e n t  c r i t e r i o n  t h r o u g h o u t  th e  
e x p e r i m e n t ,  r e s p o n d i n g  w i th  f a s t e r  l a t e n c i e s ,  a s  i n d i c a t e d  in  th e  
m a t c h e d  co n d i t io n  (a), and  c o m m i t t e d  m o r e  e r r o r s .  H e n c e  th e  
l o n g e r  l a t e n c i e s  of th i s  g r o u p  in  c o n d i t io n  (c). c an n o t  be  e x p l a i n e d  
a s  due  to  a  m o r e  c a u t io u s  c r i t e r i o n  a n d  in  f a c t  th e  d i f f e r e n c e s  
b e t w e e n  the  n o i s e  g r o u p s  in  t h i s  c o n d i t i o n  i s  p r o b a b l y  s o m e w h a t  
u n d e r e s t i m a t e d  in  t h i s  e x p e r i m e n t .
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A P P E N D I X  2
A n a l y s i s  of v a r i a n c e  s u m m a r y  t a b l e s
***** ANALYSIS OF VARIANCE ***** EXPERIMENT 1
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SOURCE OF VARIATION OF SS SS: MS VR
SUBJ STRATUM 
NOISE 
RESIOUAL 
TOTAL
1
18
19
2.04811
62 .75034
64 .79845
0 .3 3
1 0 .0 2
1 0 .3 5
2.04811
3 .48813
3 .4 1 0 4 4
0 .5 8 8
42 .388
4 1 .4 6 8
SUBJ.DISIMSIM STRATUM 
DISIMSIM 
DISIMSIM.NOISE 
RESIDUAL 
TOTAL
1
1
18
20
7 .49817
0 .92036
4.38201
12 .7 8 0 5 4
1 .2 0
0 .1 5
0 .7 0
2 .0 4
7 .49817
0 .92036
0 .24233
0 .83903
3 0 .9 4 2
3 .7 9 8
2 .9 4 6
7 .7 7 0
SUBJ.REPET STRATUM 
REPET
REPET.NOISE 
RESIDUAL 
TOTAL
1
1
18
20
4.26120
0.29438
2.74436
7 .29995
0 .8 8
0 .0 5
0 .4 4
1 .1 7
4 .28120
0 .29438
0 .15246
0 .38500
2 7 .9 4 9  
1 .931  
1 .8 5 4  
4 .4 3 8
SUBJ.LAG STRATUM 
LAG
LAG.NOISE 
RESIDUAL 
TOTAL
1
1
18
20
3.89553
0.00181
2.14511
8 .04225
0 .8 2
G.OO
0 .3 4
0 .9 8
3 .89553
0.00181
0 .11917
0.30211
3 2 .8 8 8  
0 .0 1 4  
1 .4 4 9  
3 .6 7 3
SUBJ.CONTEXT STRATUM 
CONTEXT 
CONTEXT.NOISE 
RESIDUAL 
TOTAL
1
1
18
20
0.80981
0 .80178
5 .71838
6 .92778
0 .1 0
0 .1 0
0.91
1.11
0.80981
0 .80178
0 .31758
0 .34639
1 .9 2 0  
1 .8 9 5  
3 .881  
4 .2 1 2
SUBJ.POSITION STRATUM 
POSITION 
POSITION.NOISE 
RESIDUAL 
TOTAL
6
6
108
120
138.88311
4.81846
34 .13433
177.41591
2 2 .1 4
0 .7 4
5 .4 5
2 8 .3 3
23 .11052  
0 .7 8 9 7 4  
0 .31808  
1 .47847
73.121
2 .4 3 5
3 .8 4 3
1 7 .9 7 8
SUBJ.DISIMSIM.REPET STRATUM 
DISIMSIM.REPET 
DISIMSIM.REPET.NOISE 
RESIDUAL 
TOTAL
1
1
18
20
1 .3 7 4 7 8  
0 .19878  
4 .43003  
8 .00157
0 .2 2
0 .0 3
0.71
0 .9 6
1 .3 7 4 7 6  
0 .19878  
0.24811 
0 .3 0 0 0 8
5 .588
0 .8 0 0
2 .9 9 2
3 .8 4 9
SUBJ.DISIMSIM.LAG STRATUM 
DISIMSIM.LAG 
DISIMSIM.LAG.NOISE 
RESIOUAL 
TOTAL
1
1
18
20
0.02713
0 .00828
5 .84200
5.87540
0 .0 0
0 .0 0
0 .9 0
0.91
0 .02713
0 .00828
0 .3 1 3 4 4
0 .28377
0 .0 8 7
0 .0 2 0
3 .811
3 .4 5 0
SUBJ.REPET.LAG STRATUM 
REPET.LAG 
REPET.LAG.NOISE 
RESIOUAL 
TOTAL
1
1
18
20
2.18708
0.17127
3 .91103
8 .28937
0 .3 5
0 .0 3
0 .6 2
1 .0 0
2 .18708
0 .17127
0 .2 1 7 2 8
0 .31347
1 0 .0 8 8
0 .7 8 8
2 .8 4 2
3 .811
SUBJ.DISIMSIM.CONTEXT STRATUM 
DISIMSIM.CONTEXT 
DISIMSIM.CONTEXT.NOISE 
RESIDUAL 
TOTAL
1
1
18
20
22.58731
4.93981
7 .2 7 1 8 9
34.77881
3 .6 0
0 .7 9
1 .1 6
5 .5 5
22.58731 
4 .93981 
0 .4 0 3 9 9  
1 .7 3 8 9 4
55.881
1 2 .2 2 7
4 .9 1 2
2 1 .143
SUBJ.REPET.CONTEXT STRATUM 
REPET.CONTEXT 
REPET.CONTEXT.NOISE 
RESIOUAL 
TOTAL
1
1
18
20
1 .94187  
0 .00239  
2 .45128  
4 .3 9 5 5 4
0 .31
0 .0 0
0 .3 9
0 .7 0
1 .94187  
0 .00239  
0 .13818  
0 .21978
1 4 .2 5 9  
0 .0 1 8  
1 .8 5 8  
2 .8 7 2
SUBJ.LAG.CONTEXT STRATUM 
LAG.CONTEXT 
LAG.CONTEXT.NOISE 
RESIDUAL 
TOTAL
1
1
18
20
4 .95220  
0 .55739  
3 .69851 . 
9.20811
0 .7 9
0 .0 9
0 .5 9
1 .4 7
4 .95220
0 .55739
0 .20536
0.46031
24 .1 1 5
2 .7 1 4
2 .4 9 7
5 .5 9 7
SUBJ.DISIMSIM.POSITION STRATUM 
DISIMSIM.POSITION 
DISIMSIM.POSITION.NOISE 
RESIDUAL 
TOTAL
6
6
108
120
6 .07397
0 .58366
1 5 .3 7 2 4 4
22 .03006
0 .9 7
0 .0 9
2 .4 5
3 .5 2
1 .01233  
0 .0 9 7 2 8  
0 .1 4 2 3 4  
0 .1 8 3 5 8
7 .1 1 2
0 .6 8 3
1 .731
2 .2 3 2
SUBJ.REPET.POSITION STRATUM 
REPET.POSITION 
REPET.POSITION.NOISE 
RESIDUAL 
TOTAL
6
6
108
120
3 .8 9 7 9 5
0 .57719
14 .32333
18 .79847
0 .6 2
0 .0 9
2 .2 9
3 .0 0
0 .64966
0 .09820
0 .1 3 2 8 2
0 .15665
4 .8 9 9
0 .7 2 5
1 .6 1 3
1 .9 0 5
SUBJ.LAG.POSITION STRATUM 
LAG.POSITION 
LAG.POSITION.NOISE 
RESIDUAL 
TOTAL
8
6
108
120
2 .7 0 4 6 4
0 .44515
13 .91187
17 .06165
0 .4 3
0 .0 7
2 .2 2
2 .7 2
0 .45077
0 .07419
0.12881
0 .14218
3 .4 9 9
0 .5 7 6
1 .5 6 6
1 .7 2 9
SUBJ.CONTEXT.POSITION STRATUM
CONTEXT.POSITION B 
CONTEXT.POSITION.NOISE 6
0 .36929  
0 .35850  
14 .09045  
14.81 823
0 .0 6
0 .0 6
2 .2 5
2 .3 7
0 .08155
0 .05975
0 .13047
0 .12349
0 .4 7 2  
0 .4 5 8  
1 .5 8 8  
1.501
SUBJ.DISIMSIM.REPET.LAG STRATUM 
DISIMSIM.REPET.LAG ' 1 
DISIMSIM.REPET. LAG.NOISE 1 
RESIDUAL 18 
TOTAL 20
0 .0 0 2 7 2
0 .85219
5 .91795
6 .77285
0 .0 0  
0 .1 4  
0 .9 5  
1 .08
0 .00272
0 .8 5 2 1 9
0 .32877
0 .3 3 8 8 4
0 .0 0 8
2 .5 9 2
3 .9 9 7
4 .1 1 7
SUBJ.DISIMSIM.REPET.CONTEXT STRATUM 
DISIMSIM.REPET.CONTEXT 1 
DISIMSIM.REPET.CONTEXT.NOISE
RESIDUAL 18 
TOTAL 20
0 .61589
0 .09572
4 .21940
4 .93082
0 .1 0
0 .0 2
0 .8 7
0 .7 9
0 .81589
0 .09572  
0.23441 
0 .2 4 6  5 4
2 .6 2 7
0 .4 0 8
2 .8 5 0
2 .9 9 8
SUBJ.DISIMSIM.LAG.CONTEXT STRATUM 
DISIMSIM.LAG.CONTEXT 1 
DISIMSIM.LAG.CONTEXT.NOISE 1 
RESIDUAL 18 
TOTAL 20
0 .3 4 7 8 8
0 .0 0 2 1 5
5.16757
5 .51740
0 .0 8
0 .0 0
0 .8 3
0 .8 8
0 .347  88 
0 .00215  
0 .28709  
0 .27587
1.211  
0 .0 0 7  
3.491 
3 .3 5 4
SUB J.REPET. LAG. CONTEXT STRATUM 
REPET.LAG.CONTEXT 1 
REPET.LAG.CONTEXT.NOISE 1 
RESIDUAL 18 
TOTAL 20
1 .3 8 4 0 0  
0 .01540  
3 .1 2 2 8 3  
4 .52202
0 .2 2
0 .0 0
0 .5 0
0 .7 2
1 .3 8 4 0 0  
0 .01540  
0 .17348  
0 .22610
7 .9 7 8
0 .0 8 9
2 .1 0 9
2 .7 4 9
SUBJ.DISIMSIM.REPET.POSITION STRATUM 
DISIMSIM.REPET.POSITION 6 
DISIMSIM.REPET.POSITION.NOISE
6
RESIDUAL 108 
TOTAL 120
3 .9 4 3 4 5
2.20081
13 .53327
19 .87752
0 .8 3
0 .3 5
2 .1 6
3 .1 4
0 .8 5 7 2 4
0.36680
0.12531
0 .18398
5 .2 4 5
2 .927
1 .5 2 4
1 .9 9 4
SU8J.DISIMSIM.LAG.POSITION STRATUM 
DISIMSIM.LAG.POSITION 6 
DISIMSIM.LAG.POSITION.NOISE 6 
RESIDUAL 108 
TOTAL 120
2 .81797  
1 .0 8 1 4 5  
12 .93  292 
16 .81235
0 .4 5
0 .1 7
2 .0 7
2 .6 8
0 .48968
0.17891
0 .11975
0 .14010
3 .9 2 2
1 .4 7 7
1 .4 5 8
1 .7 0 3
SUBJ.REPET.LAG.POSITION STRATUM 
REPET.LAG.POSITION 6 
REPET.LAG.POSITION.NOISE 6 
RESIDUAL 108 
TOTAL 120
3.30261
0 .50895
14 .12558
17 .9 3 7 1 4
0 .53
0 .0 8
2 .2 8
2 .8 8
0 .5 5 0 4 4
0.08483
0 .13079
0 .14948
4 .2 0 8  
0 .8 4 9  
1 .5 9 0  
1 .8 1 7
SUBJ.DISIMSIM.CONTEXT.POSITION STRATUM 
DISIMSIM.CONTEXT.POSITION 6 
DISIMSIM.CONTEXT.POSITION.NOISE
6
RESIDUAL 108 
TOTAL 120
9 .90203
0 .39499
18 .30495
28.60197
1 .5 8
0 .0 6
2 .9 2
4 .5 7
1 .8 5 0 3 4
0.08583
0 .16949
0 .23835
9 .7 3 7
0 .3 8 8
2.061
2 .8 9 8
SUBJ.REPET.CONTEXT.POSITION STRATUM 
REPET.CONTEXT.POSITION B 
REPET.CONTEXT.POSITION.NOISE
6
RESIDUAL 108 
TOTAL 120
0 .8 5 8 3 4
0 .37260
11 .80282
13 .03175
0 .1 4
0 .0 8
1 .8 8
2 .0 8
0 .14272
0 .06210
0 .10929
0 .10880
1 .3 0 6
0 .5 8 8
1 .3 2 9
1 .3 2 0
SUBJ.LAG.CONTEXT.POSITION STRATUM 
LAG.CONTEXT.POSITION B 
LAG.CONTEXT.POSITION.NOISE 6 
RESIDUAL 108 
TOTAL 120
2 .89818  
1 .0 3 9 2 0  
12 .12347  
16 .08085
0 .4 6
0 .1 7
1 .9 4
2 .5 8
0.48303
0 .17320
0 .11225
0 .1 3 3 8 4
4 .303  
1 .543  
1 .3 8 5  
1 .6 2 7
SUBJ.DISIMSIM.REPET.LAG.CONTEXT STRATUM 
DISIMSIM.REPET.LAG.CONTEXT 1 
DISIMSIM.REPET.LAG.CONTEXT.NOISE ^
RESIDUAL 18 
TOTAL 20
0.13581
0 .3 3  479 
4 .19283  
4 .6 8 3 2 4
0 .0 2
0 .0 5
0 .6 7
0 .7 4
0 .13581
0 .33479
0 .2 3 2 9 4
0 .23316
0 .5 8 2
1 .4 3 7
2 .8 3 2
2 .8 3 5
SUBJ.DISIMSIM.REPET.LAG. POSITION STRATUM
DISIMSIM.REPET.LAG.POSITION 6 0 .55060  
DISIMSIM.REPET.LAG.POSITION.NOISE
6 0 .87285
RESIDUAL 108 13 .17757  
TOTAL 120 1 4 .60102
0 .0 9
0 .1 4
2 .1 0
2 .3 3
0 .09177
0 .14548
0.12201
0 .12168
0 .7 5 2
1 .1 9 2
1 .4 8 4
1 .4 7 9
SUBJ.DISIMSIM.REPET.CONTEXT.POSITION STRATUM 
DISIMSIM.REPET.CONTEXT.POSITION
6 0 .84675  
DISIMSIM.REPET.CONTEXT. POSITION. NOISE
6 0 .1 6 7 1 4
RESIDUAL 108 13 .33357  
total 120 14 .34746
0 .1 4
0 .0 3
2 .1 3
2 .2 9
0 .14113
0.02786
0.12346
0 .11956
1 .143
0 .226  
1 .501 
1 .4 5 4
SUBJ.DISIMSIM.LAG.CONTEXT.POSmON STRATUM 
DISIHSIM.LAE.CONTEXT.POSmON ^
DISIMSIM.LAS.CONTBa.POSinON.NOISE
6 1 .01041
0 .4 9
0 .1 6
0 .51513
0 .16840
4 .4 7 3
1 .4 6 2
186
187
RESIDUAL
TOTAL
108
120
12 .43912
18 .54033
SUBJ. REPET. LAG. CONTEXT. POSITION STRATUM 
REPET.LAG. CONTEXT. POSITION 6
REPET.LAG.CONTEXT.POSITION.NOISE
6
RESIDUAL 108
TOTAL 120
0 .56628
0 .85892  
16.37261 
17 .59780
SUBJ.DISIMSIM.REPET.LAG.CONTEXT.POSITION STRATUM 
DISIMSIM.REPET.LAG.CONTEXT.POSITION
6 0 .2 3 4 8 4
DISIMSIM.REPET.LAG.CONTEXT.POSITION.NOISE
6 1 .1 3 7 3 4
RESIDUAL 108 8 .88288
TOTAL 120 10 .2 5 4 8 4
1 .9 9  
2 .6 4
0 .0 9
0.11
2.81
2.81
0 .0 4
0 .1 8
1 .4 2
1 .8 4
0 .11518
0 .1 3 7 8 4
0 .09438
0 .10982
0 .15180
0 .14685
0 .0 3 9 1 4
0 .18956
0 .08225
0.08546
1 .4 0 0  
1 .8 7 8
0 .623
0 .7 2 4
1 .843
1 .783
0 .4 7 8
2 .3 0 5
GRAND TOTAL 223 9 628 .16945 100.00
***** a n a ly sis  of variance ***** BOTH CRITICAL LETTERS *** EXPERIMENT 1 
SOURCE OF VARIAHON
SUBJ STRATUM 
NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM STRATUM 
DISIMSIM 
DISIMSIM.NOISE 
RESIDUAL 
TOTAL
SUBJ.REPET STRATUM 
REPET
REPET.NOISE 
RESIDUAL 
TOTAL
SUBJ.LAG STRATUM 
LAG
LAG.NOISE 
RESIDUAL 
TOTAL
SUBJ.CONTEXT STRATUM 
CONTEXT 
CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.REPET STRATUM 
DISIMSIM. REPET 
DISIMSIM.REPET.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.LAG STRATUM 
DISIMSIM. LAG 
DISIMSIM.LAG.NOISE 
RESIDUAL 
TOTAL
SUBJ.REPET.LAG STRATUM 
REPET.LAG 
REPET.LAG.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.CONTEXT STRATUM 
DISIMSIM.CONTEXT 
DISIMSIM.CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.REPET.CONTEXT STRATUM 
REPET.CONTEXT 
REPET.CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.LAG.CONTEXT STRATUM 
LAG.CONTEXT 
LAG.CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.REPET.LAG STRATUM 
DISIMSIM.REPET.LAG 
DISIMSIM. R EPET. LAG. NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.REPET.CONTEXT STRATUM 
DISIMSIM.REPET.CONTEXT 
DISIMSIM.REPET.CONTEXT.NOISE
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.LAG.CONTEXT STRATUM 
DISIMSIM. LAG. CONTEXT 
DISI MSIM.LAG.CONTEXT.NOISE 
RESIOUAL 
TOTAL
S U B J . REPET.LAG.CONTEXT STRATUM 
REPET.LAG.CONTEXT 
REPET.LAG. CONTB(T.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.REPET.LAG.CONTEXT STRATUM
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OF SS SS: MS VR
1 0 .17499 0 .1 7 0 .17499 0 .1 6 9
18 18 .65980 1 8 .0 8 1 .03666 1 0 .8 6 8
19 18 .83479 1 8 .2 5 0 .99130 1 0 .3 9 2
1 6 .52796 6 .3 3 6 .52796 3 7 .7 3 0
1 0.65151 0 .6 3 0.65151 3 .7 6 6
18 3 .11432 3 .0 2 0 .1 7 3 0 2 1 .8 1 4
20 10 .29379 9 .9 8 0 .51469 5 .3 9 6
1 7 .24296 7 .0 2 7 .24296 4 3 .217
1 0 .0 3 5 3 4 0 .0 3 0 .0 3 5 3 4 0.211
18 3 .0 1 6 7 2 2 .9 2 0 .16760 1 .7 5 7
20 10.29503 9 .9 8 0 .51475 5 .3 9 6
1 16 .52880 1 6 .0 2 16 .52880 111.971
1 0 .05395 0 .0 5 0 .05395 0 .3 6 5
18 2 .65709 2 .5 7 0 .14762 1 .5 4 8
20 1 9 .2 3 9 8 4 1 8 .6 4 0 .96199 1 0 .0 8 5
1 0 .95758 0 .93 0 .95758 4 .8 7 7
1 0 .2 8 3 6 4 0 .2 7 0 . 283 64 1 .4 4 5
18 3 . 53 43 8 3 .4 3 0 .19635 2 .0 5 9
20 4.77560 4 .6 3 0 .23878 2 .503
1 0 .97252 0 .9 4 0 .9 7 2 5 2 5 .2 9 5
1 0 .01207 0.01 0 .01207 0 .0 6 6
18 3 .30607 3 .2 0 0 .18367 1 .9 2 6
20 4 .29065 4 .1 6 0 .21453 2 .2 4 9
1 0 .19796 0 .1 9 0 .19796 3 .5 9 3
1 0.00001 0 .0 0 0.00001 0 .0 0 0
18 0 .99167 0 .9 6 0 .05509 0 .5 7 8
20 1 .1 8 9 6 4 1 .1 5 0 .05948 0 .6 2 4
1 2.48671 2.41 2.48671 1 0 .6 4 9
1 0 .743  3 4 0 .7 2 0 .7 4 3 3 4 3 .1 8 3
18 4 .20332 4 .0 7 0 .2 3 3 5 2 2 .4 4 8
20 7 .43337 7 .2 0 0 .37167 3 .8 9 6
1 0 .9 2 7 8 4 0 .9 0 0 .9 2 7 8 4 1 0 .1 9 7
1 1.70893 1 .6 6 1 .70893 18.781
18 1 .63784 1 .5 9 0 .09099 0 .9 5 4
20 4 .27460 4 .1 4 0 .21373 2.241
1 0 .53948 0 .5 2 0 .53948 3 .831
1 0 .1 3 5 8 4 0 .1 3 0 .1 3 5 8 4 0 .9 6 5
18 2 .5 3 5 0 4 2 .46 0 .1 4 0  84 1 .4 7 6
20 3 .21036 3 .1 1 0 .1 6 0 5 2 1 .6 8 3
1 0.56171 0 .5 4 0.56171 4.341
1 0 .18408 0 .1 8 0 .18408 1 .4 2 2
18 2 .3  2939 2 .2 6 0.12941 1 .3 5 7
20 3 .07518 2 .9 8 0 .15376 1 .6 1 2
1 0 .09042 0 .0 9 0 .0 9 0 4 2 0 .4 4 9
1 0.11321 0.11 0.11321 0 .5 6 2
18 3 .62667 3 .51 0 .20148 2 .1 1 2
20 3 .83030 3 .71 0 .1 9 1 5 2 2 .0 0 8
I
1 0 .16196 0 .1 6 0 .16196 1 .0 3 8
1 0 .02469 0 .0 2 0 .02469 0 .1 5 8
18 2.80979 2 .7 2 0 .15610 1 .6 3 6
20 2 .9 9 6 4 4 2 .9 0 0 .1 4 9 8 2 1 .571
1 0 .25600 0 .2 5 0 .25600 1 .6 2 0
1 0 .55903 0 .5 4 0 .55903 3 .5 3 8
18 2.84450 2 .7 6 0 .15803 1 .6 5 7
20 3 .6 5 9 5 4 3 .5 5 0 .1 8 2 9 8 1 .9 1 8
1 0 .053  69 0 .0 5 0 .05369 0 .2 9 7
1 0 .03839 0 .0 4 0 .03839 0 .2 1 2
18 3 .25420 3 .1 5 0 .18079 1 .8 9 5
20 3 .3 4 6  28 3 .2 4 0.16731 1 .7 5 4
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DISIMSIM.REPET.LAG.CONTEXT 1 0 .27232 0 .2 6 0 . 27 232 2 .8 5 5
DISIMSIM.REPET.LAG.CONTEXT.NOISE
1 0.45715 0 .4 4 0 .45715 4 .793
RESIDUAL 18 1 .71696 1 .6 6 0 .09539
TOTAL 20 2.44643 2 .37 0 .1 2 2 3 2
GRAND TOTAL 319 103 .19184 1 0 0 .0 0
190
***** ANALYSIS OF VARIANCE ***** AT LEAST ONE CRITICAL LETTER *** EXP, 1
SOURCE OF VARIATION
SUBJ STRATUM 
NOISE 
RESIOUAL 
TOTAL
SUBJ.DISIMSIM STRATUM 
DISIMSIM 
DISIMSIM.NOISE 
RESIDUAL 
TOTAL
SUBJ.REPET STRATUM 
REPET
REPET.NOISE 
RESIDUAL 
TOTAL
SUBJ.LAG STRATUM 
LAG
LAG.NOISE 
RESIDUAL 
TOTAL
SUBJ.CONTEXT STRATUM 
CONTEXT 
CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.REPET STRATUM 
DISIMSIM.REPET 
DISIMSIM.REPET.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.LAG STRATUM 
DISIMSIM.LAG 
DISIMSIM.LAG.NOISE 
RESIDUAL 
TOTAL
SUBJ.REPET.LAG STRATUM 
REPET.LAG 
REPET.LAG.NOISE 
RESIDUAL 
TOTAL
SUBJ. DISIMSIM.CONTEXT STRATUM 
DISIMSIM.CONTEXT 
DISIMSIM.CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.REPET.CONTEXT STRATUM 
REPET.CONTEXT 
REPET.CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.LAG.CONTEXT STRATUM 
LAG.CONTEXT 
LAG.CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.REPET.LAG STRATUM 
DISIMSIM.REPET.LAG 
DISIMSIM.REPET.LAG.NOISE 
RESIDUAL 
TOTAL
S U B J . DISIMSIM.REPET.CONTEXT STRATUM 
DISIMSIM.REPET.CONTEXT 
DISIMSIM.REPET.CONTEXT. NOISE
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.LAG. CONTEXT STRATUM 
OISIMSIM.LAG.CONTEXT 
DISIMSIM.LAG.CONTB(T.NOISE 
RESIOUAL 
TOTAL
SUBJ.REPET.LAG.CONT0<T STRATUM 
REPET.LAG.CONTEXT 
REPET. LAG. CONTD(T. NOIS E 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.REPET.LAG.CONTEXT STRATUM
OF SS SS: MS VR
1 0 .39875 0 .7 0 0 .39875 0 .6 1 6
18 11 .65902 20 .5 7 0 .64772 8 .343
19 12 .05777 21 .27 0 .63462 8 .1 7 5
1 4.63781 8 .1 8 4.63781 30 .721
1 0.21 249 0 .3 7 0 .2 1 2 4 9 1 .4 0 8
18 2 .71738 4 .7 9 0 .15097 1 .9 4 5
20 7 .56768 1 3 .3 5 0 .3 7  838 4 .8 7 4
1 3 .24496 5 .7 2 3 .2 4 4 9 6 3 2 .4 5 6
1 0.02083 0 .0 4 0 .02083 0 .2 0 8
18 1 .7 9 9 6 4 3 .1 7 0 .09998 1 .2 8 8
20 5.06543 8 .9 4 0 .25327 3 .2 6 2
1 4 .10192 7 .2 4 4 .10192 41 .2 0 5
1 0 .00602 0.01 0 .0 0 6 0 2 0 .0 6 0
18 1.79190 3 .1 6 0 .09955 1 .2 8 2
20 5.89983 10.41 0 .29499 3 .8 0 0
1 0 .67070 1 .1 8 0 .67070 7 .5 4 7
1 0 .24620 0 .4 3 0 .2 4 6  20 2 .7 7 0
18 1 .5 9 9 7 4 2 .8 2 0 .08887 1 .1 4 5
20 2 .51663 4 .4 4 0 .12583 1.621
1 0.49723 0 .8 8 0 .49723 6 .5 1 8
1 0.08541 0 .1 5 0.08541 1 .1 2 0
18 1 .37318 2 .4 2 0 .0 7 6 2 9 0 .983
20 1 .95582 3 .4 5 0 .09779 1 .2 6 0
1 0 .31450 0 .5 5 0 .31450 5 .5 7 7
1 0 .0 3 3 7 4 0 .0 6 0 .0 3 3 7 4 0 .5 9 8
18 1 .01507 1 .7 9 0 .05639 0 .7 2 6
20 1 .36332 2 .4 0 0 .06817 0 .8 7 8
1 1 .15777 2 .0 4 1 .1 5 7 7 7 8 .2 6 8
1 0 .1 0 9 7 4 0 .1 9 0 .1 0 9 7 4 0 .7 8 4
18 2 .52058 4 .4 5 0 .14003 1 .8 0 4
20 3 .78809 6 .6 8 0 .18940 2 .4 4 0
1 0 .40898 0 .7 2 0 .4 0 8 9 8 7.641
1 0 .9 9 6 1 4 1 .7 6 0 .9 9 6 1 4 1 8 .6 1 0
18 0 .96349 1 .7 0 0 .05353 0 .6 8 9
20 2.36861 4 .1 8 0 .11843 1 .5 2 6
1 0 .54946 0 .9 7 0 .54946 6 .3 0 4
1 0.05741 0 .1 0 0.05741 0 .6 5 9
18 1 .56895 2 .7 7 0 .08716 1 .1 2 3
20 2 .17582 3 .8 4 0 .1 0 8 7 9 1.401
1 0 .42413 0 .7 5 0 .42413 4 .7 6 6
1 0 .29622 0 .5 2 0 .29622 3 .3 2 9
18 1.60181 2 .83 0 .08899 1 .1 4 6
20 2 .32216 4 .1 0 0.11611 1 .4 9 6
1 0 .24299 0 .4 3 0 .24299 2 .1 9 9
1 0 .3 6 1 5 4 0 .6 4 0 .3 6 1 5 4 3 .2 7 2
18 1.98871 3 .51 0 .1 1 0 4 8 1 .4 2 3
20 2 .5 9 3 2 4 4 .5 7 0 .12966 1 .6 7 0
I
1 0.07003 0 .1 2 0 .07003 0 .8 5 7
1 0 .00480 0.01 0 .00480 0 .0 5 9
18 1.47061 2 .5 9 0 .08170 1 .0 5 2
20 1 .54545 2 .7 3 0 .07727 0 .9 9 5
1 0 .00000 0 .0 0 0 .00000 0 .0 0 0
1 0 .48035 0 .8 5 0 .48035 4 .995
18 1 .7 3 0 9 4 3 .0 5 0 .09616 1 .2 3 9
20 2 .21129 3 .9 0 0 .11056 1 .4 2 4
1 0 .07552 0 .1 3 0 .07552 0 .8 6 4
1 0.01521 0 .0 3 0.01521 0 .1 7 4
18 1 .57384 2 .7 8 0 .0 8 7  44 1 .1 2 6
20 1 .66457 2 .9 4 0 .08323 1 .0 7 2
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DISIMSIM.REPET.UG.CONTEXT 1 
DISIMSIM.REPET.LAG.CONTEXT.NOISE
0 .11063 0 .2 0 0 .11063 1 .4 2 5
1 0.08607 0 .1 5 0.08607 1 .1 0 9
RESIDUAL 18 1 .39740 2 .4 6 0 .07763
TOTAL 20 
GRAND TOTAL 319
1 .59410 
56 .68982
2.81
1 00 .00
0 .07970
***** ANALYSIS OF VARIANCE *****EXPERIMENT 2 
VARIATE: SCORE 
SOURCE OF VARIATION
SUBJ STRATUM 
NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM STRATUM 
DISIMSIM 
DISIMSIM.NOISE 
RESIDUAL 
TOTAL
SUBJ.REPET STRATUM 
REPET
REPET.NOISE
RESIDUAL
TOTAL
SUBJ.LAG STRATUM 
LAG
LAG.NOISE 
RESIDUAL 
TOTAL
SUBJ.CONTEXT STRATUM 
CONTEXT 
CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.POSITION STRATUM 
POSITION 
POSITION.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.REPET STRATUM 
DISIMSIM.REPET 
DISIMSIM.REPET.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.LAG STRATUM 
DISIMSIM.LAG 
DISIMSIM.LAG.NOISE 
RESIDUAL 
TOTAL
SUBJ.REPET.LAG STRATUM 
REPET.LAG 
REPET.LAG.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.CONTEXT STRATUM 
DISIMSIM.CONTEXT 
DISIMSIM.CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.REPET.CONTEXT STRATUM 
REPET.CONTEXT 
REPET.CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.LAG.CONTEXT STRATUM 
LAG.CONTEXT 
LAG.CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.POSITION STRATUM 
DISIMSIM.POSITION 
DISIMSIM.POSITION.NOISE 
RESIDUAL 
TOTAL
SUBJ.REPET.POSITION STRATUM 
REPET.POSITION 
REPET.POSITION.NOISE 
RESIDUAL 
TOTAL
SUBJ.LAG.POSITION STRATUM 
LAG.POSITION 
LAG.POSITION.NOISE 
RESIOUAL 
TOTAL
192
OF SS SS: MS VR
1 10 .3143 0 .4 6 10 .3143 0 .4 3 9
18 422.9518 1 9 .0 6 23 .4973 1 0 4 .679
19 433.2661 1 9 .5 2 22 .8 0 3 5 10 1 .5 8 8
1 10 .5875 0 .4 8 1 0 .5875 1 2 .4 6 0
1 1 .0286 0 .0 5 1 .0 2 8 6 1.211
18 15.2946 0 .6 9 0 .8 4 9 7 3 .7 8 5
20 26 .9107 1.21 1 .3 4 5 5 5 .9 9 4
1 20.0643 0 .9 0 20 .0643 13 .5 8 7
1 0.0161 0 .0 0 0.0161 0.011
18 2 6 .5 8 0 4 1 .2 0 1 .4 7 6 7 6 .5 7 9
20 46 .6607 2 .1 0 2 .3 3 3 0 10 .393
1 6 .8643 0.31 6 .8643 4 .2 7 0
1 1 .5018 0 .0 7 1 .5 0 1 8 0 .9 3 4
18 28.9375 1 .3 0 1 .6076 7 .1 6 2
20 3 7 .3036 1 .6 8 1 .8 6 5 2 8 .3 0 9
1 0 .8643 0 .0 4 0.8643 1 .3 3 3
1 0 .0 8 7 5 0 .0 0 0 .0875 0 .1 3 5
18 11 .6732 0 .5 3 0 .6485 2 .8 8 9
20 12 .6250 0 .5 7 0 .6313 2 .8 1 2
6 479.921 4 2 1 .6 3 79 .9 8 6 9 5 4 .4 3 0
6 3 .1 3 5 7 0 .1 4 0 .5226 0 .3 5 6
108 158 .7107 7 .1 5 1 .4 6 9 5 6 .5 4 7
120 641 .7679 2 8 .9 2 5 .3481 2 3 .8 2 5
1 0 .7143 0 .0 3 0 .7143 0 .7 3 8
1 0 .0875 0 .0 0 0 .0 8 7 5 0 .0 9 0
18 17 .43  04 0 .7 9 0 .9 6 8 4 4 .3 1 4
20 18.2321 0 .8 2 0 .9116 4 .061
1 1.2071 0 .0 5 1.2071 1 .4 3 3
1 0 .0018 0 .0 0 0 .0 0 1 8 0 .0 0 2
18 15 .1661 0 .6 8 0 .8 4 2 6 3 .7 5 4
20 16 .3750 0 .7 4 0 .8 1 8 8 3 .6 4 7
1 22 .8018 1 .0 3 22 .8018 1 8 .8 9 4
1 0 .0286 0 .0 0 0 .0286 0 .0 2 4
18 21 .7232 0 .9 8 1 .2 0 6 8 5 .3 7 6
20 44 .5536 2.01 2 .2 2 7 7 9 .9 2 4
1 84.8643 3 .8 2 84 .8643 5 5 .3 1 4
1 1 .5 0 1 8 0 .0 7 1 .5 0 1 8 0 .9 7 9
18 27.6161 1 .2 4 1 .5 3 4 2 6 .8 3 5
20 113.9821 5 .1 4 5.6991 2 5 .3 8 9
1 3 .0 0 1 8 0 .1 4 3 .0 0 1 8 2 .3 1 8
1 0 .0643 0 .0 0 0 .0643 0 .0 5 0
18 2 3 .3089 1 .0 5 1 .2 9 4 9 5 .7 6 9
20 26 .3750 1 .1 9 1 .3 1 8 7 5 .8 7 5
1 5.0161 0 .2 3 5.0161 9 .603
1 0 .0286 0 .0 0 0 .0286 0 .0 5 5
18 9 .4018 .0 .4 2 0.5223 2 .3 2 7
20 1 4 .4 4 6 4 0 .6 5 0 .7223 3 .2 1 8
6 8 .4750 0 .3 8 1 .4 1 2 5 4 .1 5 2
6 1 .3 7 1 4 0 .0 6 0 .2286 0 .6 7 2
108 3 6 .7 4 2 9 1 .6 6 0 .3 4 0 2 1 .5 1 6
120 46.5893 2 .1 0 0 .3 8 8 2 1 .7 3 0
8 8 .5732 0 .3 9 1 .4 2 8 9 4 .3 4 0
6 1 .2 0 8 9 0 .0 5 0 .2 0 1 5 0 .6 1 2
108 35.5571 1 .6 0 0 .3 2 9 2 1 .4 6 7
120 45.3393 2 .0 4 0 .3 7 7 8 1 .6 8 3
6 7 .6 9 8 2 0 .3 5 1 .2 8 3 0 3 .2 5 5
6 4 .1732 0 .1 9 0 .6 9 5 5 1 .7 6 4
108 42 .5750 1 .9 2 0 .3 9 4 2 1 .7 5 6
120 5 4 .4 4 6 4 2 .4 5 0 .4 5 3 7 2.021
SUBJ.CONTEXT.POSITION STRATUM
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CONTEXT. POSITION 6 3 .9 1 0 7 0 .1 8 0 .6 5 1 8 1 .8 1 8
CONTEXT. POSITION. NOISE 6 2 .7 5 0 0 0 .1 2 0 .4583 1 .2 7 9
RESIDUAL 108 38 .7143 1 .7 4 0 .3 5 8 5 1 .5 9 7
TOTAL 120 45 .3750 2 .0 4 0 .3781 1 .6 8 5
SUBJ.DISIMSIM.REPET.LAG STRATUM
DISIMSIM.REPET.LAG 1 0 .3 0 1 8 0.01 0 .3 0 1 8 0 .3 7 4
DISIMSIM.REPET.LAG.NOISE 1 0.0071 0 .0 0 0 .0071 0 .0 0 9
RESIDUAL 18 1 4 .5 3 0 4 0 .6 5 0 .8 0 7 2 3 .5 9 6
TOTAL 20 14.8393 0 .6 7 0 .7 4 2 0 3 .3 0 5
SUBJ.DISIMSIM.REPET.CONTEXT STRATUM
DISIMSIM.REPET.CONTEXT 1 0.5161 0 .0 2 0.5161 0 .7 7 6
DISIMSIM.REPET. CONTEXT. NOISE
1 0.4571 0 .0 2 0 .4571 0 .6 8 7
RESIDUAL 18 11 .9 7 3 2 0 .5 4 0 .6 6 5 2 2 .9 6 3
TOTAL 20 1 2 .9 4 6 4 0 .5 8 0 .6 4 7 3 2 .8 8 4
SUBJ.DISIMSIM.LAG.CONTEXT STRATUM
DISIMSIM.LAG.CONTEXT 1 2 .1875 0 .1 0 2 .1 8 7 5 3 .4 8 4
DISI MSIM. LAG. CONTEXT. NOISE 1 0.4571 0 .0 2 0.4571 0 .7 2 8
RESIDUAL 18 11 .3 0 1 8 0.51 0 .6 2 7 9 2 .7 9 7
TOTAL 20 1 3 .9 4 8 4 0 .6 3 0 .6 9 7 3 3 .1 0 7
SUBJ.REPET.LAG.CONTEXT STRATUM
REPET. LAG.CONTEXT 1 1 .4 0 0 0 0 .0 6 1 .4 0 0 0 1 .9 8 7
REPET.LAG. CONTEXT.NOISE 1 0 .4 0 1 8 0 .0 2 0 .4 0 1 8 0 .5 7 0
RESIDUAL 18 1 2 .6 8 0 4 0 .5 7 0 .7 0 4 5 3 .1 3 8
TOTAL 20 14.4821 0 .6 5 0.7241 3 .2 2 6
SUBJ.DISIMSIM.REPET.POSITION STRATUM
DISIMSIM.REPET.POSITION 6 1 .3982 0 .0 6 0 .2 3 3 0 0 .7 4 8
DISIMSIM.REPET.POSITION.NOISE
6 1 .4 8 7 5 0 .0 7 0 .2 4 7 9 0 .7 9 6
RESIDUAL 108 33.6321 1 .5 2 0 .3 1 1 4 1 .3 8 7
TOTAL 120 3 6 .5 1 7 9 1 .6 5 0 .3043 1 .3 5 6
SUBJ.DISIMSIM.LAG.POSITION STRATUM 
DISIMSIM.LAG.POSITION 6
DISIMSIM.LAG.POSITION.NOISE 6
RESIDUAL 108
TOTAL 120
SUBJ.REPET.LAG.POSITION STRATUM 
REPET.LAG.POSITION 6
REPET.LAG.POSITION.NOISE 6
RESIDUAL 108
TOTAL 120
S U B J . DISIMSIM.CONTEXT.POSITION STRATUM 
. DISIMSIM.CONTEXT.POSITION 6
DISIMSIM.CONTEXT.POSITION.NOISE
6
RESIDUAL 108
TOTAL 120
SUBJ.REPET.CONTEXT.POSITION STRATUM
4 .4 3  04 
1 .5 7 3 2  
2 8 .6 2 1 4  
34 .6 2 5 0
13 .2857  
1 .9464  
45 .2143  
6 0 .4 4 6 4
53 .3107
1.91 07 
5 6 .5 4 6 4  
1 1 1 .7679
6
108
120
3 .4 4 8 2
4 .1 7 3 2
3 5 .2 5 3 6
42 .8750
5 .5 3 3 9
2 .1839
37 .3357
45 .0536
R E P E T .C O N T E X T .P O S IT IO N  
R E P E T .C O N T E X T .P O S IT IO N .N O IS E
R E S ID U A L  
TO TAL
S U 8 J .L A G .C O N T E X T .P O S IT IO N  STRATUM 
L A G .C O N T E X T .P O S IT IO N  ^ 6
L A G .C O N T E X T .P O S IT IO N .N O IS E  6
R E S ID U A L 1 0 8
TO TA L 1 2 0
S U B J . D IS IM S IM .R E P E T .L A G .C O N T E X T  STRATUM
D IS IM S IM .R E P E T .L A G .C O N T E X T  1 0 .1 7 8 6
D IS IM S IM .R E P E T .L A G .C O N T E X T .N O IS E
Û  S
1 . 2 8 0 7
D IS IM S IM .R E P E T .L A G .P O S IT IO N .N O IS E ^  ^
i 7 : î ? § 7
S U 8 J .D IS IM S IM .R E P E T .C O N T E X T .P O S IT IO N  STRATUM  
D IS IM S IM .R E P E T .C O N T E X T .P O S IT IO N  ^ 5 .7 8 3 9
D IS IM S IM .R E P E T .C O N T E X T .P O S IT IO N .N O IS E
120
S U B J .D IS IM S IM .L A G .C O N T E X T .P O S IT IO N  STRATUM
D IS IM S IM .  L A G .C O N T E X T .P O S IT IO N  ^ 2 .9 6 2 5
D IS IM S IM . LA G . CONTEXT. P O S IT IO N . N O IS E
0.20  
0 .0 7  
1 .2 9  
1 .5 6
0 .6 0
0 .0 9
2 .0 4
2 .7 2
2 .4 0
0 .0 9
2 .5 5
5 .0 4
0 .1 6
0 .1 9  
1 .5 9  
1 .9 3
0 .2 5  
0 .1 0  
1. 68  
2 .03
0.01
0 .0 4
0 .3 6
0 .4 0
0 .0 6
0 .0 6
1 .5 7
1 .6 9
0 . 2 6
0.12
1 .5 1
1 . 8 9
0 .1 3
0 .7 3 8 4
0 .2 6 2 2
D.2650
0 .2 8 8 5
2 .2143
0 .3 2 4 4
0 .4 1 8 7
0 .5 0 3 7
8.8851
0 .3 1 8 5
0 .5 2 3 6
0 .9 3 1 4
0 .5747
0 .6 9 5 5
0 .3 2 6 4
0 .3573
0 .9223
0 .3640
0 .3457
0 .3 7 5 4
0 .1786
0 .7 8 7 5
0 .4 4 1 4
0 .4 4 5 5
0.2101
0 .2 3 6 3
0 .3216
0 .3 1 1 8
0 .9 6 4 0
0 .4 5 9 2
0 .3 1 0 3
0 . 3 5 0 4
0 .4 9 3 7
2 . 7 8 6
0 . 9 8 9
1 .1 8 1
1 .2 8 5
5 .2 8 9  
0 .7 7 5  
1 .8 6 5  
2 .2 4 4
1 6 .9 7 0
0 .6 0 8
2 .3 3 2
4 .1 4 9
1 .7 6 1
2 .131  
1 .4 5 4  
1 .592
2.668  
1 .0 5 3  
1 .5 4 0  
1 .6 7 3
0 . 4 0 5
1 . 7 8 4
1 . 9 6 6
1 . 9 8 5
0 .6 5 3
0 . 7 3 5
1 . 4 3 3
1 . 3 8 9
3 . 1 0 6
1 . 4 8 0
1 .3 8 2
1 .5 6 1
1 . 0 8 6
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8 0 .7 3 0 4 0 .0 3 0.1217 0 .2 6 8
RESIDUAL 108 49 .1107 2.21 0 .4547 2 .0 2 6
TOTAL 120 52 .8036 2 .3 8 0 .4400 1 .9 6 0
SUBJ.REPET.LAG.CONTEXT.POSITION STRATUM
REPET.LAG.CONTEXT.POSITION G 6 .4000 0 .2 9 1 .0 6 6 7 3 .7 9 2
REPET.LAG. CONTEXT. POSITION. NOISE
8 1 .4857 0 .0 7 0 .2 4 7 6 0 .880
RESIDUAL 108 30.3821 1 .3 7 0 .2813 1 .253
TOTAL 120 3 8 .2 6 7 9 1 .7 2 0 .3 1 8 9 1.421
SUBJ.DISIMSIM.REPET.LAG.CONTEXT.POSITION STRATUM
DISIMSIM.REPET.LAG. CONTEXT.POSITION
6 2 .3 2 1 4 0 .1 0 0 .3 8 6 9 1 .7 2 4
DISIMSIM.REPET.LAG.CONTEXT.POSITION.NOISE
8 1 .5 2 5 0 0 .0 7 0 .2542 1 .1 3 2
RESIDUAL 108 24 .2429 1 .0 9 0 .2 2 4 5
TOTAL 120 28 .0893 1 .2 7 0.2341
GRAND TOTAL 223 9 2219 .2839 100.00
***** ANALYSIS OF VARIANCE ***** BOTH CRITICAL LETTERS *** EXPERIMENT 2 
SOURCE OF VARIATION
195
SUBJ STRATUM 
NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM STRATUM 
DISIMSIM 
DISIMSIM.NOISE 
RESIOUAL 
TOTAL
SUBJ.REPET STRATUM 
REPET
REPET.NOISE
RESIDUAL
TOTAL
SUBJ.LAG STRATUM 
LAG
LAG.NOISE 
RESIOUAL 
TOTAL
SUBJ.CONTEXT STRATUM 
CONTEXT 
CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.REPET STRATUM 
DISIMSIM.REPET 
DISIMSIM.REPET.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.LAG STRATUM 
DISIMSIM.LAG 
DISIMSIM.LAG.NOISE 
RESIDUAL 
TOTAL
SUBJ.REPET.LAG STRATUM 
REPET.LAG 
REPET.LAG.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.CONTEXT STRATUM 
DISIMSIM.CONTEXT 
DISIMSIM.CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.REPET.CONTEXT STRATUM 
REPET.CONTEXT 
REPET.CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.LAG.CONTD(T STRATUM 
LAG.CONTEXT 
LAG.CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.REPET.LAG STRATUM 
DISIMSIM.REPET.LAG 
DISIMSIM.REPET.LAG.NOISE 
RESIDUAL 
TOTAL
OF
1
18
19
1
1
18
20
1
1
18
20
1
1
18
20
1
1
18
20
1
1
18
20
1
1
18
20
1
1
18
20
1
1
18
20
1
1
18
20
1
1
18
20
1
1
18
20
1
1820
SUBJ.DISIMSIM.REPET.CONTEXT STRATUM 
DISIMSIM.REPET.CONTEXT 1
DISIMSIM.REPET.CONTEXT.NOISE
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.LAG.CONTEXT STRATUM 
DISIMSIM.LAG.CONTEXT 1
DISIMSIM.LAG.CONTEXT.NOISE 1
RESIDUAL 18
TOTAL 20
SUBJ.REPET.LAG.CONTB<T STRATUM
REPET. LAG. CONTB(T ^ 1
REPET. LAG.CONTEXT.NOISE 1
RESIDUAL 18
TOTAL 20
SUBJ.DISIMSIM.REPET.LAG.CONTEXT STRATUM
SS SS: MS VR
6 .0 5 0 0 .4 0 6 .0 5 0 0 .2 3 8
457 .500 2 9 .8 7 25 .417 1 1 .0 2 4
463 .550 3 0 .2 7 2 4 .397 10 .5 8 2
61 .250 4 .0 0 61 .2 5 0 25 .4 6 2
2 .450 0 .1 6 2 .4 5 0 1 .0 1 8
43 .3 0 0 2 .8 3 2 .406 1 .043
107 .000 6 .9 9 5 .3 5 0 2 .3 2 0
61 .250 4 .0 0 61 .2 5 0 2 2 .639
0 .0 5 0 0 .0 0 0 .0 5 0 0 .0 1 8
4 8 .7 0 0 3 .1 8 2 .7 0 6 1 .1 7 3
110 .000 7 .1 8 5 .5 0 0 2 .3 8 6
135 .200 8 .83 1 3 5 .200 3 5 .4 7 5
0 .2 0 0 0.01 0 .2 0 0 0 .0 5 2
68 .600 4 .4 8 3 .811 1 .6 5 3
204 .000 1 3 .3 2 1 0 .2 0 0 4 .4 2 4
20 .000 1 .31 20 .000 6 .0 2 0
3 .2 0 0 0.21 3 .2 0 0 0 .9 6 3
59 .800 3 .9 0 3 .3 2 2 1.441
83 .000 5 .4 2 4 .1 5 0 1 .8 0 0
2 .450 0 .1 6 2 .4 5 0 1 .0 4 8
2 .450 0 .1 6 2 .4 5 0 1 .0 4 8
42 .100 2 .7 5 2 .3 3 9 1 .0 1 4
47 .000 3 .0 7 2 .3 5 0 1 .0 1 9
0 .0 0 0 0 .0 0 0 .0 0 0 0 .0 0 0
0 .2 0 0 0.01 0 .2 0 0 0 .1 7 3
20 .800 1 .3 6 1 .1 5 6 0.501
21 .000 1 .3 7 1 .0 5 0 0 .4 5 5
24 .200 1 .5 8 24 .2 0 0 8 .219
0 .8 0 0 0 .0 5 0 .8 0 0 0 .2 7 2
53 .000 3 .4 6 2 .9 4 4 1 .2 7 7
78 .0 0 0 5 .0 9 3 .9 0 0 1 .6 9 2
24 .200 1 .5 8 2 4 .2 0 0 7 .8 3 5
0 .2 0 0 0.01 0 .2 0 0 0 .0 6 5
55 .6 0 0 3 .6 3 3 .0 8 9 1 .3 4 0
80 .000 5 .2 2 4 .0 0 0 1 .7 3 5
7 .2 0 0 0 .4 7 7 .2 0 0 2 .757
0 .8 0 0 0 .0 5 0 .8 0 0 0 .3 0 6
47 .000 3 .0 7 2.611 1 .1 3 3
55 .000 3 .5 9 2 .7 5 0 1 .193
2 .450 0 .1 6 2 .4 5 0 0 .9 3 2
1 .2 5 0 0 .0 8 1 .2 5 0 0 .4 7 6
4 7 .300 3 .0 9 2 .6 2 8 1 .1 4 0
51 .000 3 .3 3 2 .5 5 0 1 .1 0 6
0 .0 0 0 0 .0 0 0 .0 0 0 0 .0 0 0
0 .2 0 0 0.01 0 .2 0 0 0 .1 1 0
3 2 .8 0 0 2 .1 4 1 .8 2 2 0 .7 9 0
3 3 .0 0 0 2 .1 5 1 .6 5 0 0 .7 1 6
0 .0 0 0 0 .0 0 0 .0 0 0 0 .0 0 0
3 .2 0 0 0.21 3 .2 0 0 2 .1 4 9
2 6 .800 1 .7 5 1 .4 8 9 0 .6 4 6
3 0 .0 0 0 1 .9 6 1 .5 0 0 0.651
8 .4 5 0 0 .5 5 8 .4 5 0 2 .4 7 3
0 .0 5 0 0 .0 0 0 .0 5 0 0 .0 1 5
61 .5 0 0 4 .0 2 3 .4 1 7 1 .4 8 2
70 .0 0 0 4 .5 7 3 .5 0 0 1 .5 1 8
4 .0 5 0 0 .2 6 4 .0 5 0 1 .8 9 4
8 .450 0 .5 5 8 .450 3.951
3 8 .5 0 0 2.51 2 .1 3 9 0 .9 2 8
5 1 .000 3 .3 3 2 .5 5 0 1 .1 0 6
196
DISIMSIM.REPET.LAG.CONTEXT 1 6 .0 5 0  0 .4 0  6 .0 5 0  2 .6 2 4
DISIMSIM. REPET.LAG. CONTEXT.NOISE
1 0 .4 5 0  0 .0 3  0 .4 5 0  0 .1 9 5
RESIDUAL IB  4 1 .5 0 0  2 .71  2 .306
TOTAL 20 48 .0 0 0  3 .1 3  2 .4 0 0
GRAND TOTAL 319 1531 .550  1 0 0 .0 0
***** a n a ly sis  of variance ***** AT LEAST ONE CRITICAL LETTER *** EXP. 2
SOURCE OF VARIATION
SUBJ STRATUM 
NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM STRATUM 
DISIMSIM 
DISIMSIM.NOISE 
RESIDUAL 
TOTAL
SUBJ.REPET STRATUM 
REPET
REPET.NOISE 
RESIDUAL 
TOTAL
SUBJ.LAG STRATUM 
LAG
LAG.NOISE 
RESIOUAL 
TOTAL
SUBJ.CONTEXT STRATUM 
CONTEXT 
CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.REPET STRATUM 
DISIMSIM.REPET 
DISIMSIM.REPET.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.LAG STRATUM 
DISIMSIM.LAG 
DISIMSIM.LAG.NOISE 
RESIDUAL 
TOTAL
SUBJ.REPET.LAG STRATUM 
REPET.LAG 
REPET.LAG.NOISE 
RESIOUAL 
TOTAL
SUBJ.DISIMSIM.CONTEXT STRATUM 
DISIMSIM.CONTEXT 
DISIMSIM.CONTEXT.NOISE 
RESIOUAL 
TOTAL
SUB J . REPET. CONTEXT STRATUM 
REPET.CONTEXT 
REPET.CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.LAG.CONTEXT STRATUM 
LAG.CONTEXT 
LAG.CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.REPET.LAG STRATUM 
DISIMSIM.REPET.LAG 
DISIMSIM.REPET.LAG.NOISE 
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.REPET.CONTEXT STRATUM 
DISIMSIM.REPET.CONTEXT 
DISIMSIM.REPET.CONTEXT.NOISE
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.LAG.CONTEXT STRATUM 
DISIMSIM.LAG.CONTB(T 
DISIMSIM.LAG.CONTEXT.NOISE 
RESIDUAL 
TOTAL
SUBJ.REPET.LAG.CONTEXT STRATUM 
REPET. LAG.CONTEXT 
REPET.LAG.CONTEXT.NOISE ^
RESIDUAL 
TOTAL
SUBJ.DISIMSIM.REPET.LAG.CONTDCT STRATUM
197
DF SS SS: MS VR
1 13.2031 1 .5 8 13.2031 0 .8 5 6
18 277.7063 3 3 .1 6 15.4281 1 7 .9 3 8
19 2 9 0 .9094 3 4 .7 3 15 .3110 1 7 .8 0 2
1 37.1281 4 .4 3 37.1281 2 8 .7 6 8
1 1 .9531 0 .2 3 1 .9531 1 .5 1 3
18 23 .2 3 1 2 2 .7 7 1 .2 9 0 6 1 .501
20 6 2 .3125 7 .4 4 3 .1 1 5 6 3 .6 2 3
1 24.7531 2 .9 6 24.7531 1 2 .3 4 0
1 0.7031 0 .0 8 0.7031 0.351
18 3 6 .1 0 6 2 4.31 2 .0059 2 .3 3 2
20 6 1 .5625 7 .3 5 3 .0781 3 .5 7 9
1 22.5781 2 .7 0 22.5781 1 0 .1 3 3
1 0.3781 0 .0 5 0.3781 0 .1 7 0
18 40 .1063 4 .7 9 2.2281 2.591
20 63 .0625 7 .5 3 3 .1531 3 .6 6 6
1 8.1281 0 .9 7 8.1281 5 .8 7 4
1 2.2781 0 .2 7 2.2781 1 .6 4 6
18 24 .9063 2 .9 7 1 .3837 1 .6 0 9
20 3 5 .3 1 2 5 4 .2 2 1 .7656 2 .0 5 3
1 2.2781 0 .2 7 2.2781 1 .3 3 9
1 1.6531 0 .2 0 1.6531 0 .971
18 30 .6 3 1 2 3 .6 6 1 .7 0 1 7 1 .9 7 9
20 3 4 .5 6 2 5 4 .1 3 1.7281 2 .0 0 9
1 0.0031 0 .0 0 0.0031 0 .0 0 5
1 0.0781 0.01 0.0781 0 .1 2 2
18 1 1 .4 8 1 2 1 .3 7 0 .6 3 7 8 0 .7 4 2
20 11 .5 6 2 5 1 .3 8 0.5781 0 .6 7 2
1 10.1531 1 .21 10.1531 6 .7 9 2
1 0.2531 0 .0 3 0.2531 0 .1 6 9
18 26 .9063 3 .21 1 .4 9 4 8 1 .7 3 8
20 3 7 .3 1 2 5 4 .4 5 1 .8656 2 .1 6 9
1 14.8781 1 .7 8 14.8781 7 .4 3 3
1 0.9031 0.11 0 .9031 0.451
18 3 6 .0313 4 .3 0 2 .0017 2 .3 2 7
20 51 .8125 6 .1 9 2 .5906 3 .0 1 2
1 10.8781 1 .3 0 10.8781 8 .2 7 7
1 0.5281 0 .0 6 0.5281 0 .4 0 2
18 23 .6563 2 .8 2 1 .3 1 4 2 1 .5 2 8
20 3 5 .0 6 2 5 4 .1 9 1 .7531 2 .0 3 8
1 1 .6531 0 .2 0 1 .6531 0 .9 2 2
1 0.1531 0 .0 2 0 .1531 0 .0 8 5
18 3 2 .2563 3 .8 5 1 .7 9 2 0 2 .0 8 4
20 3 4 .0 6 2 5 4 .0 7 1 .7031 1 .9 8 0
1 0.5281 0 .0 6 0.5281 0 .3 7 6
1 0.0031 0 .0 0 0 .0031 0 .0 0 2
18 25 .2812 3 .0 2 1 .4 0 4 5 1 .6 3 3
20 25 .8125 3 .0 8 1 .2 9 0 6 1 .501
I
1 0.5281 0 .0 6 0.5281 0 .4 9 0
1 1.6531 0 .2 0 1 .6531 1 .5 3 5
18 1 9 .3 8 1 2 2 .31 1 .0 7 6 7 1 .2 5 2
20 21 .5625 2 .5 7 1.0781 1 .2 5 4
1 3 .0031 0 .3 6 3 .0031 2.511
1 0.5281 0 .0 6 0.5281 0 .4 4 2
18 21 .5312 2 .5 7 1 .1 9 6 2 1.391
20 2 5 .0625 2 .9 9 1 .2531 1 .4 5 7
1 8.1281 0 .9 7 8.1281 8 .9 1 8
1 4.2781 0.51 4.2781 4 .6 9 4
18 16 .4063 1 .9 6 0 .9 1 1 5 1 .0 6 0
20 28 .8125 3 .4 4 1 .4 4 0 6 1 .6 7 5
198
DISIMSIM.REPET.LAG.CONTEXT 1 
DISIMSIM.REPET. LAG. CONTEXT.NOISE
2.6281 0.31 2.6281 3 .0 5 6
1 0.7031 0 .0 8 0.7031 0 .8 1 8
RESIDUAL 18 1 5 .4 8 1 2 1 .8 5 0.8601
TOTAL 20 
GRAND TOTAL 319
18 .81  25 
837 .5969
2 .2 5
1 0 0 .0 0
0 .9406
199
***** ANALYSIS OF VARIANCE *****
SOURCE OF VARIATION
SUBJ STRATUM 
NOISE 
RESIDUAL 
TOTAL
SUBJ.ARTIC STRATUM 
ARTEC
ARTEC.NOISE 
RESIDUAL 
TOTAL
SUBJ.RATE STRATUM 
RATE
RATE.NOISE 
RESIDUAL 
TOTAL
SUBJ.DELAY STRATUM 
DELAY
DELAY.NOISE 
RESIDUAL 
TOTAL
SUBJ.CONFUSIO STRATUM 
CONFUSIO 
CONFUSIO.NOISE 
RESIDUAL 
TOTAL
SUBJ.POSITION STRATUM 
POSITION 
POSITION.NOISE 
RESIDUAL 
TOTAL
SUBJ.ARTEC.RATE STRATUM 
ARTEC. RATE 
ARTEC.RATE.NOISE 
RESIDUAL 
TOTAL
SUBJ.ARTEC.DELAY STRATUM 
ARTIC.DELAY 
ARTIC.DELAY.NOISE 
RESIDUAL 
TOTAL
SUBJ.RATE.DELAY STRATUM 
RATE.DELAY 
RATE.DELAY.NOISE 
RESIDUAL 
TOTAL
SUBJ.ARTEC.CONFUSIO STRATUM 
ARTIC. CONFUSIO 
ARTEC.CONFUSIO.NOISE 
RESIDUAL 
TOTAL
SUBJ.RATE.CONFUSIO STRATUM 
RATE. CONFUSIO 
RATE.CONFUSIO.NOISE 
RESIDUAL 
TOTAL
SUBJ.DELAY.CONFUSIO STRATUM 
DELAY.CONFUSIO 
DELAY.CONFUSIO.NOISE 
RESIDUAL 
TOTAL
SUBJ .ARTEC.POSinON STRATUM 
ARTTC.POSITION 
ARTIC.POSITION.NOISE 
RESIDUAL 
TOTAL
SUBJ.RATE.POSITION STRATUM 
RATE. POSITION 
RATE. POSITION.NOISE 
RESIDUAL 
TOTAL
SUBJ.DELAY.POSITION STRATUM 
DELAY. POSITION 
DELAY.POSITION.NOISE 
RESIDUAL 
TOTAL
SUBJ. CONFUSIO. POSITION STRATUM 
CONFUSIO. POSITION
EXPERIMENT 3
DF SS SS: MS VR
1 7 .0 2 2 5 0 .4 9 7 .0 2 2 5 1 .4 9 7
18 84.4300 5 .9 0 4 .6906 1 2 .2 6 2
19 91 .4525 6 .3 9 4 .8133 12 .583
1 1 .6 9 0 0 0 .1 2 1 .6 9 0 0 1 .2 2 2
1 1 .6 9 0 0 0 .1 2 1 .6900 1 .2 2 2
18 24.8950 1 .7 4 1 .3831 3 .6 1 6
20 28.2750 1 .9 7 1 .4 1 3 7 3 .6 9 6
1 103 .0225 7 .2 0 1 0 3 .0225 28 .670
1 0 .1 2 2 5 0.01 0 .1 2 2 5 0 .0 3 4
18 64 .6800 4 .5 2 3 .5 9 3 3 9 .393
20 167 .8250 1 1 .7 2 8 .3 9 1 2 2 1 .936
1 3 .8 0 2 5 0 .2 7 3 .8 0 2 5 3 .021
1 0 .0 6 2 5 0 .0 0 0 .0 6 2 5 0 .0 5 0
18 22.6600 1 .5 8 1 .2 5 8 9 3.291
20 26 .5250 1 .8 5 1 .3 2 6 2 3 .4 6 7
1 119 .9025 8 .3 7 11 9 .9 0 2 5 2 6 .5 2 4
1 0 .0 0 2 5 0 .0 0 0 .0 0 2 5 0.001
18 81 .3700 5 .6 8 4 .5206 1 1 .8 1 7
20 201 .2750 1 4 .0 6 1 0 .0 6 3 8 2 6 .308
4 176 .4588 1 2 .3 3 44 .1147 7 0 .0 6 6
4 1 .1 8 3 8 0 .0 8 0 .2 9 5 9 0 .4 7 0
72 4 5 .3325 3 .1 7 0 .6296 1 .6 4 6
80 222 .9750 1 5 .5 7 2 .7 8 7 2 7 .2 8 6
1 0 .8100 0 .0 6 0 .8 1 0 0 0 .8 8 9
1 0 .0100 0 .0 0 0 .0100 0.011
18 1 6 .4050 1 .1 5 0 .9 1 1 4 2 .3 8 2
20 17 .2250 1 .2 0 0 .8 6 1 2 2.251
1 0 .3 6 0 0 0 .0 3 0 .3 6 0 0 0 .4 7 2
1 0 .2500 0 .0 2 0 .2 5 0 0 0 .3 2 8
18 1 3 .7150 0 .9 6 0 .7 6 1 9 1 .9 9 2
20 1 4 .3250 1 .0 0 0 .7163 1 .8 7 2
1 0 .2025 0 .01 0 .2 0 2 5 0 .1 4 8
1 0 .0 6 2 5 0 .0 0 0 .0 6 2 5 0 .0 4 6
18 24.6100 1 .7 2 1 .3 6 7 2 3 .5 7 4
20 24.8750 1 .7 4 1 .2 4 3 8 3.251
1 1 .2 1 0 0 0 .0 8 1 .2 1 0 0 1 .7 1 8
1 0 .0900 0.01 0 .0 9 0 0 0 .1 2 8
18 12 .6750 0 .8 9 0 .7 0 4 2 1.841
20 1 3 .9 7 5 0 0 .9 8 0 .6 9 8 8 1 .8 2 7
1 7 .5 6 2 5 0 .5 3 7 .5 6 2 5 4 .2 5 4
1 1 .5 6 2 5 0.11 1 .5 6 2 5 0 .8 7 9
18 32 .0000 2 .2 4 1 .7 7 7 8 4 .647
20 41 .1250 2 .8 7 2 .0 5 6 2 5 .3 7 5
1 1 .3 2 2 5 0 .0 9 1 .3 2 2 5 1 .7 0 8
1 0 .5 6 2 5 0 .0 4 0 .5 6 2 5 0 .7 2 6
18 1 3 .9400 0 .9 7 0 .7 7 4 4 2 .0 2 5
20 15 .8250 1 .11 0 .7913 2 .0 6 8
4 3 .8 1 6 2 0 .2 7 0.9541 2 .643
4 0 .9 1 6 2 0 .0 6 0.2291 0 .6 3 5
72 25 .9925 1 .8 2 0 .3 6 1 0 0 .9 4 4
80 3 0 .7250 2 .1 5 0.3841 1 .0 0 4
4 1 4 .6087 1 .0 2 3 .6 5 2 2 5 .4 2 7
4 2 .6087 0 .1 8 0 .6 5 2 2 0 .9 6 9
72 48.4575 3 .3 8 0 .6 7 3 0 1 .7 5 9
80 65 .6750 4 .5 9 0 .8 2 0 9 2 .146
4 4 .5537 0 .3 2 1 .1 3 8 4 3 .8 4 3
4 3 .0 9 3 7 0 .2 2 0 .7 7 3 4 2.611
72 21.3275 1 .4 9 0 .2 9 6 2 0 .7 7 4
80 28 .9750 2 .0 2 0 .3 6 2 2 0 .9 4 7
4 1 7 .3787 1 .2 1 4 .3447 1 0 .9 7 9
2 0 0
CDNFUSIO. POSITION. NOISE 4
RESIDUAL 72
TOTAL 80
SUBJ.ART!0 . RATE. DELAY STRATUM
ARTIC. RATE. DELAY 1
ARTEC.RATE.DEUY.NOISE 1
RESIDUAL 18
TOTAL 20
SUBJ.ARTEC.RATE.CONFUSIO STRATUM 
ARTEC.RATE.CONFUSIO 1
ARTIC.RATE.CONFUSIO.NOISE 1
RESIDUAL 18
TOTAL 20
SUBJ.ARTIC.DELAY.CONFUSIO STRATUM 
ARTEC.DELAY.CONFUSIO 1
ARTEC.DELAY.CONFUSIO.NOISE 1
RESIDUAL 18
TOTAL 20
SUBJJÎA T E .DELAY.CONFUSIO STRATUM 
RATE.DELAY.CONFUSIO 1
RATE.DELAY.CONFUSIO.NOISE 1
RESIDUAL 18
TOTAL 20
SUBJ.ARTIC.RATE.POSITION STRATUM 
ARTEC. RATE. POSITION 4
ARTEC. RATE. POSITION. NOISE 4
RESIDUAL 72
TOTAL 80
SUBJ.ARTIC.DELAY.POSinON STRATUM 
ARTEC.DELAY.POSITION 4
ARTEC. DELAY. POSITION. NOISE 4
RESIDUAL 72
TOTAL 80
SUBJ.RATE.DELAY.POSITION STRATUM 
RATE.DELAY.POSITION 4
RATE.DELAY.POSITION.NOISE 4
RESIDUAL 72
TOTAL 80
SUBJ.ARTEC.CONFUSIO.POSITION STRATUM 
ARTEC.CONFUSIO.POSITION 4
ARTIC. CONFUSIO. POSinON.NOISE
RESIDUAL 
TOTAL
4
72
80
4
72
80
SUBJ.RATE.CONFUSIO.POSITION STRATUM 
RATE. CONFUSIO. POSITION 4
RATE. CONFUSIO. POSITION.NOISE
4
RESIDUAL 72
TOTAL 80
SU8J.DELAY.CONFUSIO.POSITION STRATUM 
DELAY.CONFUSIO.POSITION 4
DELAY.CONFUSIO.POSITION.NOISE
RESIDUAL 
TOTAL
SUBJ. ARTEC.RATE. DELAY. CONFUSIO STRATUM 
ARTEC.RATE.DELAY.CONFUSIO 1
ARTE C.RATE.DELAY.CONFUSIO.NOISE 1
RESIDUAL IB
TOTAL 20
SUBJ.ARTIC.RATE.DELAY.POSITION STRATUM
î§îîÊ:KÎI:8itîî:SMIîgK.NDisE ‘
RESIDUAL 
TOTAL
4
72
80
1 .3537 
28 .4925  
47.2250
4.0000
0 .0900
20.0850
24.1750
1 .8 9 0 0  
1.21  00 
17 .6250  
20.5250
0 .3600
0 .4900
10 .7750
11 .6250
0 .7225
0 .4225
12 .2300
13 .3750
1 .1 9 6 2
1 .5213
26.8075
29.5250
1 .6 2 1 2  
1 .0562  
25.7475  
28.4250
0 .6287
0 .3937
21.8525
22.8750
4 .2962
0 .9663
20 .0125
25.2750
2.2687
1 .5 6 8 8
21.2875
25.1250
0 .0837
0 .6438
22.6975
23.4250
3 .2 4 0 0
0 .4900
19 .1450
22.8750
1 .1 0 6 2
0 .2 1 6 2
21 .5025
22.8250
SUBJ.ARTIC.RATE.CONFUSIO.POSITION STRATUM 
ARTIC.RAT E .CONFUSIO.POSITION ^  ^
ARTIC.RATE.CONFUSIO.POSITION.NOISE q ^21 S
S U B J  .ARTEC. DELAY. CONFUSIO. PDSinON STRATUM 
ARTIC.DELAY.CONFUSIO.POSITION ^
ARTIC.DELAY.CONFUSIO.POSITION.NOISE
4
RESIDUAL 72
TOTAL 80
1 .4 2 1 2
1 .4 1 6 2
3 0 .5375
3 3 .3 7 5 0
0 .0 9
1 .9 9
3 .3 0
0 .2 8
0.01
1 .4 0
1 .6 9
0 . 1 2
0 .0 8
1 .2 3
1 .4 3
0 .0 3
0 .0 3
0 .7 5
0.81
0 .0 5
0 .0 3
0 .8 5
0 .93
0 .0 8
0. 11
1 .8 7
2 .0 6
0.11
0 .0 7
1 .8 0
1 .9 9
0 .0 4
0 .0 3
1 .5 3
1 .6 0
0 .3 0
0 .0 7
1 .4 0
1 .7 7
0 .1 6
0.11
1 .4 9
1 .7 5
0.01
0 .0 4
1 .5 9
1 .6 4
0 .23
0 .0 3
1 .3 4
1 .6 0
0 .0 8
0 .02  
1 .5 0  
1 .5 9
0 .1 4
0 .0 3
1 .8 2
1 .9 9
0 .10
0.10
2 .1 3
2 .3 3
0 .3 3 8 4
0.3957
0.5903
4 .0000
0 .0900
1 .1 1 5 8
1 .2 0 8 8
1 .6 9 0 0  
1 .2100  
0 .9792  
1 .0262
0 .3600
0 .4900
0 .5986
0 .5 8 1 2
0 .7 2 2 5
0 .4 2 2 5
0 .6 7 9 4
0 .6687
0.2991
0 .3803
0 .3723
0.3691
0 .4053
0.2641
0 .3 5 7 6
0 .3553
0 .1 5 7 2
0 .0 9 8 4
0 .3 0 3 5
0 .2 8 5 9
1.0741
0 .2416
0 .2780
0 .3 1 5 9
0 .5 6 7 2
0 .3 9 2 2
0 .2957
0.3141
0 .0 2 0 9
0 .1 6 0 9
0 .3 1 5 2
0 .2 9 2 8
3 .2 4 0 0
0 .4900  
1 .0636  
1 .1 4 3 7
0 .2766
0.0541
0 .2986
0 .2853
0.5041
0 .1053
0 .3616
0 .3 5 5 9
0 .3553
0.3541
0.4241
0 .4 1 7 2
0 .8 5 5
1 .0 3 4
1 .5 4 3
3 .5 8 5
0.081
2 .9 1 7
3 .1 6 0
1 .7 2 6
1 .2 3 6
2 .5 6 0
2 .683
0.601  
0 .8 1 9  
1 .5 6 5  
1 .5 1 9
1 .0 6 3
0 .6 2 2
1 .7 7 6
1 .7 4 8
0 .8 0 3
1.021
0 .9 7 3
0 .9 6 5
1 .1 3 3
0 .7 3 8
0 .9 3 5
0 .9 2 9
0 .5 1 8
0 .3 2 4
0 .7 9 3
0 .7 4 7
3 .8 6 4
0 .8 6 9
0 .7 2 7
0 .8 2 6
1 .9 1 8
1 .3 2 6
0 .7 7 3
0.821
0 .0 6 6
0 .511
0 .8 2 4
0 .7 6 5
3 .0 4 6
0 .461
2 .7 8 0
2 .9 9 0
0 .9 2 8
0.181
0.781
0 .7 4 6
1 .3 9 4
0.291
0 .9 4 5
0 .9 3 0
0 .8 3 8
0 .8 3 5
1 .1 0 9
1 .091
20 1
SUBJ.RATE.DELAY.CONFUSIO.PDSinON STRATUM 
RATE. DELAY.CONFUSIO.POSinON
4 1 .6 5 8 7  0 .1 2  0 .4 1 4 7  1 .1 0 0
RATE.DELAY.CONFUSIO.POSITION.NOISE
4 3 .3337  0 .2 3  0 .8 3  3 4 2 .2 1 2
RESIDUAL 72 27 .1325  1 .9 0  0 .3 7 6 8  0 .9 8 5
TOTAL 80 32 .1250  2 .2 4  0 .4016  1 .0 5 0
SUBJ. ARTIC. RATE. DELAY. CONFUSIO .POSITION STRATUM 
ARTEC. RATE. DELAY. CONFUSIO. POSITION
4 0 .766  2 0 .0  5 0 .1916  0 .501
ARTIC.RATE.DELAY. CONFUSIO.POSITION.NOISE
4 1 .0 6 6 2  0 .0 7  0 .2 6 6 6  0 .6 9 7
RESIDUAL 72 27 .5425  1 .9 2  0 .3 8 2 5
TOTAL 80 29 .3750 2 .0 5  0 .3 6 7 2
GRAND TOTAL 15 99 1 431.6775 1 00 .00
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***** ANALYSIS OF VARIANCE *****EXPERIMENT 4 
SOURCE OF VARIATION
SUBJ STRATUM
RESIDUAL
TOTAL
SUBJ.ARTIC STRATUM 
ARTIC
ARTIC.NOISE 
RESIDUAL 
TOTAL
SUBJ.RATE STRATUM 
RATE
RATE.NOISE 
RESIDUAL 
TOTAL
SUBJ.DELAY STRATUM 
DELAY
DELAY.NOISE 
RESIDUAL 
TOTAL
SUBJ.CONFUSIO STRATUM 
CONFUSIO 
CONFUSIO.NOISE 
RESIDUAL 
TOTAL
SUBJ.POSITION STRATUM 
POSITION 
POSITION.NOISE 
RESIDUAL 
TOTAL
SUBJ.ARTIC.RATE STRATUM 
ARTIC.RATE 
ARTIC.RATE.NOISE 
RESIDUAL 
TOTAL
SUBJ.ARTIC.DELAY STRATUM 
ARTIC.DELAY 
ARTIC.DELAY.NOISE 
RESIDUAL 
TOTAL
SUBJ.RATE.DELAY STRATUM 
RATE.DELAY 
RATE.DELAY.NOISE 
RESIDUAL 
TOTAL
SUBJ.ARTIC.CONFUSIO STRATUM 
ARTIC.CONFUSIO 
ARTIC.CONFUSIO.NOISE 
RESIDUAL 
TOTAL
SUBJ.RATE.CONFUSIO STRATUM 
RATE.CONFUSIO 
RATE.CONFUSIO.NOISE 
RESIDUAL 
TOTAL
SUBJ.DELAY.CONFUSIO STRATUM 
DELAY.CONFUSIO 
DELAY.CONFUSIO.NOISE 
RESIDUAL 
TOTAL
SUBJ.ARTIC.POSITION STRATUM 
ARTIC.POSITION 
ARTIC.POSITION.NOISE 
RESIDUAL 
TOTAL
SUBJ.RATE.POSITION STRATUM 
RATE.POSITION 
RATE.POSITION.NOISE 
RESIDUAL 
TOTAL
S U B J . DELAY.POSITION STRATUM 
DELAY.POSITION 
DELAY.POSITION.NOISE 
RESIDUAL 
TOTAL
SUBJ.CONFUSIO.POSITION STRATUM 
CONFUSIO.POSITION
OF SS SS: MS VR
1 1 0 .5 6 2 5 0 .6 6 1 0 .5 6 2 5 1 .1 0 9
18 171 .4025 1 0 .7 2 9 .5 2 2 4 2 3 .1 1 4
19 181 .9650 1 1 .3 8 9.5771 23 .247
1 9.0000 0 .5 6 9 .0000 7 .6 0 5
1 0 .4 2 2 5 0 .0 3 0 .4 2 2 5 0 .3 5 7
18 2 1 ^ 0 2 5 1 .3 3 1 .1 8 3 5 2 .873
20 30 .7250 1 .9 2 1 .5362 3 .7 2 9
1 6 8 .0 6 2 5 4 .2 6 68 .0625 2 6 .859
1 2 .2500 0 .1 4 2 .2500 0 .8 8 8
18 45 .6125 2 .8 5 2 .5340 6.151
20 115 .9250 7 .2 5 5 .7 9 6 3 1 4 .0 6 9
1 0 .1 2 2 5 0.01 0 .1 2 2 5 0.221
1 2.5600 0 .1 6 2 .5600 4.611
18 9 .9 9 2 5 0 .6 2 0.5551 1 .3 4 7
20 12 .6750 0 .7 9 0 .6 3 3 8 1 .5 3 8
1 171 .6100 10 .7 3 171 .6100 1 0 1 .5 6 9
1 1 .1025 0 .0 7 1 .1 0 2 5 0 .653
18 3 0 .4 1 2 5 1 .9 0 1 .6896 4.101
20 203.1250 1 2 .7 0 1 0 .1 5 6 2 2 4 .6 5 2
4 153 .9400 9 .6 3 3 8 .4 8 5 0 66 .733
4 2 .1375 0 .1 3 0 .5 3 4 4 0 .9 2 7
72 41 .5225 2 .6 0 0 .5767 1 .4 0 0
80 197 .6000 1 2 .3 6 2 .4700 5 .9 9 5
1 0 .0225 0 .0 0 0 .0 2 2 5 0 .0 1 4
1 1 .2 1 0 0 0 .0 8 1 .2 1 0 0 0 .7 3 5
18 29.6425 1 .8 5 1 .6468 3 .9 9 7
20 3 0 .8750 1 .9 3 1 .5437 3 .7 4 7
1 2 .7225 0 .1 7 2 .7 2 2 5 2 .383
1 3 .2 4 0 0 0 .2 0 3 .2 4 0 0 2 .8 3 6
18 20 .5625 1 .2 9 1 .1 4 2 4 2 .773
20 26 .5250 1 .6 6 1 .3 2 6 2 3 .2 1 9
1 0 .6400 0 .0 4 0 .6 4 0 0 0 .5 0 4
1 0 .7 2 2 5 0 .0 5 0 .7 2 2 5 0 .5 6 9
18 22 .8625 1 .4 3 1.2701 3 .0 8 3
20 24 .2250 1.51 1 .2 1 1 2 2 .9 4 0
1 0 .0400 0 .0 0 0 .0400 0 .023
1 1 .5 6 2 5 0 .1 0 1 .5 6 2 5 0 .8 8 5
18 3 1 .7 7 2 5 1 .9 9 1 .7651 4 .285
20 3 3 .3750 2 .0 9 1 .6687 4.051
1 20 .7025 1 .2 9 20 .7025 9 .3 2 5
1 0 .0100 0 .0 0 0 .0100 0 .0 0 5
18 39 .9 6 2 5 2 .5 0 2.2201 5 .3 8 9
20 60 .6750 3 .7 9 3 .0 3 3 7 7 .3 6 4
1 0 .4 2 2 5 0 .0 3 0 .4 2 2 5 0 .283
1 0 .8100 0 .0 5 0 .8 1 0 0 0 .5 4 2
18 26 .8925 1 .6 8 1 .4 9 4 0 3 .6 2 6
20 28 .1250 1 .7 6 1 .4 0 6 2 3 .4 1 3
4 3 .3 0 0 0 0.21 0 .8 2 5 0 2 .1 2 5
4 0 .1 5 2 5 0.01 0.0381 0 .0 9 8
72 27 .9475 1 .7 5 0 .3 8 8 2 0 .9 4 2
80 3 1 .4000 1 .9 6 0 .3 9 2 5 0 .953
4 9 .7875 0.61 2 .4469 5 .1 9 5
4 0 .5000 0 .0 3 0 .1 2 5 0 0 .2 6 5
72 33 .9 1 2 5 2 .1 2 0 .4 7 1 0 1 .1 4 3
80 44.2000 2 .7 6 0 .5 5 2 5 1.341
4 1 .5 4 0 0 0 .1 0 0 .3 8 5 0 1 .0 6 4
4 1 .3 5 2 5 0 .0 8 0.3381 0 .9 3 4
72 26 .0575 1 .6 3 0 .3 6 1 9 0 .8 7 8
80 28 .9500 1.81 0 .3 6 1 9 0 .8 7 8
4 1 7 .0 6 5 0 1 .0 7 4 .2663 1 0 .7 5 4
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CONFUSIO.POSITION.NOISE 4
RESIDUAL 72
TOTAL 80
SUBJ.ARTIC.RATE.DELAY STRATUM
ARTIC.RATE.DELAY 1
ARTIC.RATE.DELAY.NOISE 1
RESIDUAL 18
TOTAL 20
SUBJ.ARTIC.RATE.CONFUSIO STRATUM 
ARTIC.RATE.CONFUSIO 1
ARTIC.RATE.CONFUSIO.NOISE 1
RESIDUAL 18
TOTAL 20
SUBJ.ARTIC.DELAY.CONFUSIO STRATUM 
ARTIC.DELAY.CONFUSIO 1
ARTIC.DELAY.CONFUSIO.NOISE 1
RESIDUAL 18
TOTAL 20
SUBJ.RATE.DELAY.CONFUSIO STRATUM 
RATE.DELAY.CONFUSIO 1
RATE.DELAY.CONFUSIO.NOISE 1
RESIDUAL 18
TOTAL 20
SUBJ.ARTIC.RATE.POSITION STRATUM 
ARTIC.RATE.POSITION 4
ARTIC.RATE.POSITION.NOISE 4
RESIDUAL 72
TOTAL 80
SUBJ.ARTIC.DELAY.POSITION STRATUM 
ARTIC.DELAY.POSITION 4
ARTIC.DELAY.POSITION.NOISE 4
RESIDUAL 72
TOTAL 80
SUBJ.RATE.DELAY.POSITION STRATUM 
RATE.DELAY.POSITION 4
RATE.DELAY.POSITION.NOISE 4
RESIDUAL 72
TOTAL 80
SUBJ.ARTIC.CONFUSIO.POSITION STRATUM 
ARTIC.CONFUSIO.POSITION 4
ARTIC.CONFUSIO.POSITION.NOISE
RESIDUAL 
TOTAL
4
72
80
4
72
80
SUBJ.RATE.CONFUSIO.POSITION STRATUM 
RATE.CONFUSIO.POSITION 4
RATE. CONFUSIO. POSITION. NOISE
4
RESIDUAL 7 2
TOTAL 8 0
S U B J . DELAY.CONFUSIO.POSITION STRATUM 
DELAY.CONFUSIO.POSITION 4
DELAY. CONFUSI0 . POSITION. NOISE
RESIDUAL 
TOTAL
SUBJ.ARTIC. RATE. DELAY. CONFUSIO STRATUM 
ARTIC.RATE.DELAY.CONFUSIO 1
ARTIC.RATE.DELAY.CONFUSIO.NOISE ^
RESIDUAL 18
TOTAL 2 0
S U B J . ARTIC.RATE.DELAY.POSITION STRATUM
ARTIC ; RATE : DELAY ImSITION .NOISE ^
4
RESIDUAL 72
TOTAL 8 0
SUBJ.ARTIC. RATE. CONFUSIO. POSITION STRATUM 
ARTIC.RATE.CONFUSIO.POSITION ^  ^
ARTIC. RATE.CONFUSIO. POSITION. NOISE '
Û i:ii
SUBJ.ARTIC. DELAY. CONFUSIO. POSITION STRATUM 
ARTIC.DELAY.CONFUSIO.POSITION ^
ARTIC. DELAY. CONFUSIO. POSITION. NOISE
4
RESIDUAL 72
TOTAL 8 0
1 .8 2 2 5  
28 .5625  
47 .2500
0 .0900
0 .0 6 2 5
24 .7225
24 .8750
0 .4225
5 .2 9 0 0
1 9 .4 1 2 5
25 .1250
0 .1 2 2 5  
1 .6900  
1 9 .8 6 2 5  
21 .6750
0 .0900
0 .0 6 2 5
3 0 .3 2 2 5
30 .4 7 5 0
3 .7 7 7 5  
1 .0150 
3 1 .2075  
3 6 .0000
0 .7400
3 .0 9 7 5
29 .0125
3 2 .8500
0 .3975
0 .6 6 5 0
2 8 .5875
29 .6500
1 .5350
1 .9375 
3 3 .2 7 7 5  
3 6 .7 5 0 0
4 .9475
0 .1 9 0 0  
32.81 25 
3 7 .9500
0 .7 1 5 0
1 .2 2 7 5  
21 .5575  
23 .5000
3 .2 4 0 0
0 .1 2 2 5
21 .4625
24.8250
2 .1 4 7 5
0 .5 5 0 0  
3 4  0525 
36 .7 5 0 0
6 .0 6 5 0
3 .1 7 2 5
33 .4 6 2 5
42 .7000
0 . 10
1 .7 9
2 .9 5
0.01
0 . 00
1 .5 5
1 .5 6
0 .0 3  
0 .3 3  
1 . 2 1  
1 .5 7
0 .0 1  
0 . 11  
1 .2 4  
1 .3 6
0.01
0 .00
1 .9 0
1.91
0 .2 4  
0 .0 6  
1 .95  
2 .2 5
0 .0 5  
0 .1 9  
1.81  
2 .0 5
0 .02
0 .0 4
1 .7 9
1 .8 5
0 .10
0 . 1 2
2 .0 8
2 .3 0
0.31
0.01
2 .0 5
2 .3 7
0 .0 4
0 .0 8  
1 .3 5  
1 .4 7
0.20
0.01
1 .3 4
1 .5 5
0 .1 3
0 .0 3
2 .1 3
2 .3 0
0 .1 9
0 .1 7
1 .4 7
1 .8 3
0 .3 8
0.20
2 .0 9
2 .6 7
0 .4056
0 .3 9 6 7
0 .5906
0 .0900  
0 .0 6 2 5  
1 .3735  
1 .2438
0 .4225  
5 .2900  
1 .0 7 8 5  
1 .256 2
0 .1225  
1 .6 9 0 0  
1 .1 0 3 5  
1 .0837
0 .0900  
0 .0 6 2 5  
1 .6846 
1 .5237
0 .9 4 4 4  
0 .2537  
0 .4 3  3 4 
0 .4500
0 .1850
0 .7 7 4 4
0 .4 0 3 0
0 .4106
0 .0 9 9 4
0 .1663
0 .3 9 7 0
0 .3706
0 .3 8 3 8
0 .4 8 4 4  
0 .4 6  22 
0 .4 5 9 4
1 .2 3  69
0 .0475
0 .4557
0 .4 7 4 4
0 .1787
0 .3069
0 .2 9 9 4
0 .2937
3 .2 4 0 0
0 .1225  
1 .1 9 2 4  
1 .2 4 1 2
0 .5369
0 .1375
0 .4730
0 .4 5 9 4
0 .7 4 4 4
0 .6837
0 .3 2 6 9
0 .3656
1 .5 1 6 2
0.7931
0 .4 6 4 8
0 .5337
1.022
0 .9 6 3
1 .4 3 4
0 .0 6 6
0 .046
3 .3 3 4
3 .0 1 9
0 .3 9 2
4 .9 0 5
2 .6 1 8
3 .0 4 9
0 . 11 1
1 .5 3 2
2 .6 7 8
2.631
0 .053
0 .0 3 7
4 .0 8 9
3 .6 9 9
2 .1 7 9
0 .5 8 5
1 .0 5 2
1 .0 9 2
0 .4 5 9
1 .9 2 2
0 .9 7 8
0 .9 9 7
0 .2 5 0
0 .419
0 .9 6 4
0 .9 0 0
0 .8 3 0
1 .0 4 8
1 .1 2 2
1 .1 1 5
2 .7 1 4
0 .1 0 4  
1 .1 0 6  
1 .151
0 .5 9 7
1 .0 2 5  
0 .727  
0 .713
2 .717
0 .103
2 .8 9 4
3 .0 1 3
1 .1 3 5
0.291
1 .1 4 8
1 .1 1 5
2 .2 7 7
2 .0 9 2
0 .7 9 4
0 .887
3 .2 6 2
1 .7 0 7
1 .1 2 8
1 .2 9 6
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SUBJ. RATE. DELAY. CONFUSIO. POSITION STRATUM 
RATE. DELAY. CONFUSIO. POSITION
4 1 .7 4 7 5
RATE.DELAY. CONFUSIO. POSITION. NOISE
4 0 .9 2 5 0
RESIDUAL 72 3 3 .2 2 7 5
TOTAL 80 3 5 .9 0 0 0
SUBJ.ARTIC. RATE. DELAY. CONFUSID.POSITION STRATUM 
ARTIC.RATE.DELAY.CONFUSIO.POSITION
4 3 .0 9 7 5
ARTIC.RATE.DELAY.CONFUSIO.POSITION.NOISE
4 0 .5 4 0 0
RESIDUAL 72 2 9 .6625
TOTAL 80 3 3 .3000
0.11
0 .0 6
2 .0 8
2 .2 4
0 .1 9
0 .0 3
1 .8 5
2 .0 8
0 .4 3  69
0 .2 3 1 2
0 .4615
0 .4487
0 .7 7 4 4
0 .1350
0 .4120
0 .4163
0 .9 4 7
0.501 
1 .120 
1 .0 8 9
1 .8 8 0  
0 .3 2 8
GRAND TOTAL 1599 1599 .1900 100 .00
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***ANALYSIS OF VARIANCE*** EXPERIMENT 6 Recall Data
SOURCE OF VARIATION D . F . S . S M . S VR
Between conditions 2 5.06 2.53 0.16
Error 49 761.63 15.54
Total 51 766.69
***ANALYSIS OF VARIANCE*** E X P T . 6 Rec ogniti on Data
SOURCE OF VARIATION D .F . S . S M. S VR
Between conditions 2 21 . 9 10. 95 0.70
Error 49 766.62 15.65
Total 51 788.52
-
***ANALYSIS OF VARIANCE*** EXPT. 6 /3 scores
SOURCE OF VARIATION D . F . S . S M.S VR
Between conditions 2 114.80 57.4 3 .05
Linear component 1 45.10 45 .10 2.39
Error 48 905.13 18.86
Total 50 1019.93
***** ANALYSIS OF VARIANCE *****EXPERIMENT 7
206
SOURCE OF VARIATION 
SUBJ STRATUM
DF(MV)
10
SS
1992246
SS;
6 6 .8 9
MS
199225
VR
1 5 9 .7 7 2
SUBJ.NOISE STRATUM 
NOISE 
RESIDUAL 
TOTAL
1
10
11
31042
196582
227625
1 .0 4
6 .6 0
7 .6 4
31042
19658
20693
1 .5 7 9  
1 5 .7 6 5  
1 6 .5 9 5
SUBJ.TASK STRATUM 
TASK
RESIDUAL
TOTAL
1
10
11
4926
79486
84413
0 .1 7
2 .6 7
2 .8 3
4926
7949
7674
0 .6 2 0
6 .3 7 5
6 .1 5 4
SUBJ.CONFUSIO STRATUM 
CONFUSIO 
RESIDUAL 
TOTAL
1
10
11
71241 
69042 
140283
2 .3 9
2 .3 2
4.71
71241 
6904 
12753
1 0 .3 1 9
5 .5 3 7
1 0 .2 2 7
SUBJ.NOISE.TASK STRATUM 
NOISE.TASK 
RESIDUAL 
TOTAL
1
10
11
37375
114032
151407
1 .2 5  
3 .8 3  
5 .0 8
37375
11403
13764
3 .2 7 8
9 .1 4 5
1 1 .0 3 8
SUBJ.NOISE.CONFUSIO STRATUM
NOISE.CONFUSIO 1
RESIDUAL 10
TOTAL 11
1121
3438
4559
0 .0 4
0 .12
0 .1 5
1121
344
414
3 .2 6 0
0 .2 7 6
0 .3 3 2
SUBJ.TASK.CONFUSIO STRATUM
TASK.CONFUSIO 1 165
RESIDUAL 10 5522
TOTAL 11 5687
SUBJ.NOISE.TASK.CONFUSIO STRATUM
NOISE.TASK.CONFUSIO 1 2398
RESIDUAL 10 3689
TOTAL 11 6088
SUBJ.NOISE.TASK.CONFUSIO.*UNITS* STRATUM
343( 9] 427698
0.01
0 .1 9
0 .1 9
0 .0 8
0 .12
0.20
1 4 .3 6
165
552
517
23 98 
369 
553
1247
0 .2 9 8
0 .443
0 .4 1 5
6 .5 0 0
0 .2 9 6
0 .4 4 4
GRAND TOTAL 430 3040004 1 0 2 .0 7
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***** ANALYSIS OF VARIANCE *****EXPERIMENT 8 SINGLE WORD DATA
SOURCE OF VARIATION
SUBJ STRATUM
SUBJ.NOISE STRATUM 
NOISE 
RESIDUAL 
TOTAL
SUBJ.SYL STRATUM 
SYL
RESIDUAL 
TOTAL
SUBJ.LEN STRATUM 
LEN
RESIDUAL 
TOTAL
SUBJ.CONF STRATUM 
CONF
RESIDUAL 
TOTAL
SUBJ.NOISE.SYL STRATUM 
NOISE.SYL 
RESIDUAL 
TOTAL
SUBJ.NOISE.LEN STRATUM 
NOISE.LEN 
RESIDUAL 
TOTAL
SUBJ.SYL.LEN STRATUM 
SYL.LEN 
RESIDUAL 
TOTAL
SUBJ.NOISE.CONF STRATUM 
NOISE.CONF 
RESIDUAL 
TOTAL
SUBJ.SYL.CONF STRATUM 
SYL.CONF 
RESIDUAL 
TOTAL
SUBJ.LEN.CONF STRATUM 
LEN.CONF 
RESIDUAL 
TOTAL
SUBJ.NOISE.SYL.LEN STRATUM 
NOISE.SYL.LEN 
RESIDUAL 
TOTAL
SUBJ.NOISE.SYL.CONF STRATUM 
NOISE.SYL.CONF 
RESIDUAL 
TOTAL
SUBJ.NOISE.LEN.CONF STRATUM 
NOISE.LEN.CONF 
RESIDUAL 
TOTAL
SUBJ.SYL.LEN.CONF STRATUM 
SYL.LEN.CONF 
RESIDUAL 
TOTAL
SUBJ.NOISE.SYL.LEN.CONF STRATUM 
NOISE.SYL.LEN.CONF 
RESIDUAL 
TOTAL
GRAND TOTAL
OF SS SS: MS VR
g 30492.41 6 1 .2 6 33 8 8 .0 5 205 .327
1 2 .7 6 0.01 2 .7 6 0.011
9 2203 .56 4 .43 2 4 4 .8 4 1 4 .8 3 8
10 2206.31 4 .4 3 2 20 .63 13.371
1 6592 .06 1 3 .2 4 6 592 .06 3 3 .7 8 6
9 1756.01 3 .5 3 195.11 1 1 .8 2 4
10 8348.06 1 6 .7 7 834.81 5 0 .5 9 2
1 4378 .56 8 .8 0 4378 .56 6 3 .946
9 616 .26 1 .2 4 6 8 .4 7 4 .1 5 0
10 4994.81 1 0 .0 3 49 9 .4 8 3 0 .2 7 0
1 3 5 .1 6 0 .0 7 3 5 .1 6 0 .7 5 4
9 419.41 0 .8 4 4 6 .6 0 2 .8 2 4
10 454 .56 0.91 45 .46 2 .7 5 5
1 0 .1 6 0 .0 0 0 .1 6 0 .0 0 9
9 1 4 9 .6 6 0 .3 0 1 6 .6 3 1 .0 0 8
10 149.81 0 .3 0 1 4 .9 8 0 .9 0 8
1 0 .0 6 0 .0 0 0 .0 6 0.001
9 406.01 0 .8 2 45.11 2 .7 3 4
10 406 .06 0 .8 2 40.61 2 .461
1 51 .76 0 .1 0 51 .76 1 .0 3 4
9 4 50 .56 0.91 50 .0 6 3 .0 3 4
10 502.31 1 .01 50 .23 3 .0 4 4
1 31.51 0 .0 6 31 .51 1 .2 1 8
9 232.81 0 .4 7 2 5 .8 7 1 .5 6 8
10 264.31 0 .5 3 26 .43 1 .6 0 2
1 91.51 0 .1 8 91.51 3 .2 8 0
9 2 51 .06 0 .5 0 27 .90 1.691
10 34 2 .5 6 0 .6 9 3 4 .2 6 2 .0 7 6
1 3 6 9 .0 6 0 .7 4 3 6 9 .0 6 1 8 .8 4 5
9 1 76 .26 0 .3 5 1 9 .5 8 1 .1 8 7
10 545.31 1 .1 0 54 .53 3 .3 0 5
1 2 .2 6 0 .0 0 2 .2 6 0 .0 7 3
9 276.81 0 .5 6 3 0 .7 6 1 .8 6 4
10 279 .06 0 .5 6 27.91 1.691
1 3 7 .0 6 0 .0 7 3 7 .0 6 1 .6 7 0
9 1 9 9 .7 6 0 .4 0 2 2 .2 0 1 .3 4 5
10 236.81 0 .4 8 2 3 .6 8 1 .4 3 5
1 31 .51 0 .0 6 31.51 1 .2 4 6
9 2 27 .56 0 .4 6 2 5 .2 8 1 .5 3 2
10 259 .06 0 .5 2 25.91 1 .5 7 0
1 0 .31 O.DO 0.31 0.021
9 129.51 0 .2 6 1 4 .3 9 0 .8 7 2
10 129.81 0 .2 6 1 2 .9 8 0 .7 8 7
1 1 7 .5 6 0 .0 4 1 7 .5 6 1 .0 6 4
9 148 .51 0 .3 0 1 6 .5 0
10 166 .06 0 .3 3 16 .61
159 4 9 777 .34 1 0 0 .0 0
* * * * *  A N A L Y S IS  OF V A RIAN C E * * * * *  E XPER IM EN T 8
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SOURCE OF V A R IA T IO N DF SS S S : MS VR
SUBJ STRATUM 9 2 6 0 5 7 5 .5 1 0 . 7 7 2 8 9 5 2 .8 7 2 . 6 4 0
S U B J .T A S K  STRATUM  
TASK  
R E S ID U A L  
TO TAL
1
9
1 0
1 0 7 8 9 8 .0  
9 2 8 9 1  .1
2 0 0 7 8 9 .1
4 .4 6
3 . 8 4
8 . 3 0
1 0 7 8 9 8 .0
1 0 3 2 1 .2
2 0 0 7 8 .9
1 0 . 4 5 4
2 5 . 8 9 5
5 0 . 3 7 6
S U B J .N O IS E  STRATUM  
N O IS E  
R E S ID U A L  
TD TA L
1
9
1 0
1 9 1 2 7 .1
2 6 1 3 4 .5
4 5 2 6 1 .6
0 . 7 9
1 . 0 8
1 . 8 7
1 9 1 2 7 .1
2 9 0 3 .8
4 5 2 6 .2
6 .5 8 7
7 . 2 8 5
1 1 . 3 5 6
S U B J .S Y L  STRATUM  
SYL
R E S ID U A L
TO TAL
1
9
1 0
2 0 1 1 0 1 .5  
7 3 4 4 3 .0
2 7 4 5 4 4 .5
8 .3 1
3 . 0 4
1 1 . 3 5
2 0 1 1 0 1 .5
8 1 6 0 .3
2 7 4 5 4 .4
2 4 . 6 4 4
2 0 . 4 7 3
6 8 . 8 8 0
S U B J .L E N  STRATUM  
LEN
R E S ID U A L
TO TAL
1
9
1 0
2 9 0 1 6 4 .1  
4 1 8 8 4 .1
3 3 2 0 4 8 .1
1 1 . 9 9
1 . 7 3
1 3 . 7 2
2 9 0 1 6 4 .1
4 6 5 3 .8
3 3 2 0 4 .8
6 2 . 3 5 0
1 1 . 6 7 6
8 3 . 3 0 7
S U B J.C O N F STRATUM  
CONF
R E S ID U A L
TO TAL
1
9
1 0
3 6 1 1 3 2 . 8
1 9 1 1 9 7 . 8  
5 5 2 3 3 0 .6
1 4 . 9 3
7 . 9 0
2 2 .8 3
3 6 1 1 3 2 . 8
2 1 2 4 4 .2
5 5 2 3 3 .1
1 6 . 9 9 9
5 3 . 2 9 9
1 3 8 . 5 7 4
S U B J .T A S K .N O IS E  STRATUM  
T A S K .N O IS E  
R E S ID U A L  
TO TAL
1
9
1 0
1 4 5 5 3 .0
2 9 7 1 1 .5
4 4 2 6 4 .5
0 . 6 0
1 .2 3
1 .8 3
1 4 5 5 3 .0
3 3 0 1 .3
4 4 2 6 .5
4 .4 0 8
8 .2 8 3
1 1 . 1 0 5
S U B J .T A S K .S Y L  STRATUM  
T A S K .S Y L  
R E S ID U A L  
TO TA L
1
9
1 0
7 8 . 0
1 5 6 9 3 .6
1 5 7 7 1 .6
0 . 0 0
0 . 6 5
0 . 6 5
7 8 . 0
1 7 4 3 .7
1 5 7 7 .2
0 . 0 4 5
4 .3 7 5
3 . 9 5 7
S U B J .N O IS E .S Y L  STRATUM  
N O IS E .S Y L  
R E S ID U A L  
TO TA L
1
9
1 0
1 5 8 4 .2
2 9 3 3 .2  
4 5 1 7 .4
0 . 0 7
0 . 1 2
0 . 1 9
1 5 8 4 .2
3 2 5 . 9
4 5 1 . 7
4 .8 6 1
0 .8 1 8
1 . 1 3 3
S U B J .T A S K .L E N  STRATUM  
T A S K .L E N  
R E S ID U A L  
TO TA L
1
9
1 0
1 3 9 9 2 .1
6 2 0 2 .7
2 0 1 9 4 .8
0 . 5 8
0 . 2 6
0 .8 3
1 3 9 9 2 .1
6 8 9 . 2
2 0 1 9 .5
2 0 . 3 0 2
1 . 7 2 9
5 . 0 6 7
S U B J .N O IS E .L E N  STRATUM  
N O IS E .L E N  
R E S ID U A L  
TO TA L
1
9
1 0
6 5 5 . 5
7 7 9 0 .0
8 4 4 5 .5
0 .0 3
0 . 3 2
0 . 3 5
6 5 5 . 5
8 6 5 . 6
8 4 4 . 6
0 .7 5 7
2 . 1 7 2
2 .1 1 9
S U B J .S Y L .L E N  STRATUM  
S Y L .L E N  
R E S ID U A L  
TO TA L
1
9
1 0
9 2 0 0 4 .6  
6 4 8 9 1 .5  
1 5 6 8 9 6 .1
3 . 8 0
2 . 6 8
6 . 4 9
9 2 0 0 4 .6  
7 2 1 0 .2
1 5 6 8 9 .6
1 2 . 7 6 0
1 8 . 0 9 0
3 9 . 3 6 4
S U B J .T A S K .C O N F  STRATUM  
TA S K .C O N F  
R E S ID U A L  
TO TA L
1
9
1 0
1 1 3 6 2 7 . 8  
3 3 4 5 3 .2  
1 4 7 0 8 1 .0
4 . 7 0
1 . 3 8
6 . 0 8
1 1 3 6 2 7 .8
3 7 1 7 .0
1 4 7 0 8 .1
3 0 . 5 7 0
9 .3 2 6
3 6 .9 0 1
S U B J .N O IS E .C O N F  STRATUM  
N O IS E .C O N F  
R E S ID U A L  
TO TAL
1
9
1 0
1 8 0 . 0
4 4 7 3 .2
4 6 5 3 .2
0 .0 1
0 . 1 8
0 . 1 9
1 8 0 . 0
4 9 7 . 0
4 6 5 . 3
0 . 3 6 2
1 .2 4 7
1 . 1 6 7
S U B J .S Y L .C O N F  STRATUM  
S Y L .C O N F  
R E S ID U A L  
TO TA L
1
9
1 0
3 5 4 4 8 .2  
43  5 4 8 . 2  
7 8 9 9 6 .4
1 . 4 7
1 . 8 0
3 . 2 7
3 5 4 4 8 .2
4 8 3 8 .7
7 8 9 9 .6
7 .3 2 6
1 2 . 1 4 0
1 9 . 8 1 9
S U B J .L E N .C O N F  STRATUM  
LEN .C O N F  
R E S ID U A L  
TO TA L
1
9
1 0
2 7 . 6
4 7 3 9 3 .6
4 7 4 2 1 .2
0 . 0 0
1 . 9 6
1 . 9 6
2 7 . 6
5 2 6 6 .0
4 7 4 2 .1
0 .0 0 5
1 3 . 2 1 2
1 1 . 8 9 7
S U B J .T A S K .N O IS E .S Y L  STRATUM  
T A S K .N O IS E .S Y L  
R E S ID U A L  
TO TAL
1
9
1 0
1 6 3 8 .1
8 9 9 1 .7
1 0 6 2 9 .7
0 . 0 7
0 . 3 7
0 . 4 4
1 6 3 8 .1
9 9 9 .1
1 0 6 3 .0
1 .6 4 0
2 .5 0 7
2 .6 6 7
S U B J .T A S K .N O IS E .L E N  STRATUM  
T A S K .N O IS E .L E N  
R E S ID U A L  
TO TAL
1
9
1 0
5 5 9 4 .5
5 7 6 4 .9
1 1 3 5 9 .4
0 .2 3
0 . 2 4
0 . 4 7
5 5 9 4 .5
6 4 0 . 5
1 1 3 5 .9
8 . 7 3 4
1 . 6 0 7
2 . 8 5 0
S U B J .T A S K .S Y L .L E N  STRATUM  
T A S K .S Y L .L E N  
R E S ID U A L  
TOTAL
1
9
1 0
4 5 1 5 .0
9 6 7 9 .2
1 4 1 9 4 .3
0 . 1 9
8 - i?
4 5 1 5 .0
n m
4 . 1 9 8
§ ; l i ?
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SUBJ.NOISE.SYL.LEN STRATUM 
NOISE.SYL.LEN 
RESIDUAL 
TOTAL
SUBJ.TASK.NOISE.CONF STRATUM 
TASK.NOISE.CONF 
RESIDUAL 
TOTAL
SUBJ.TASK.SYL.CONF STRATUM 
TASK.SYL.CONF 
RESIDUAL 
TOTAL
SUBJ.NOISE.SYL.CONF STRATUM 
NOISE.SYL.CONF 
RESIDUAL 
TOTAL
SUBJ.TASK.LEN.CONF STRATUM 
TASK.LEN.CONF 
RESIDUAL 
TOTAL
SUBJ.NOISE.LEN.CONF STRATUM 
NOISE.LEN.CONF 
RESIDUAL 
TOTAL
SUBJ.SYL.LEN. CONF STRATUM 
SYL.LEN.CONF 
RESIDUAL 
TOTAL
SUBJ.TASK.NOISE.SYL.LEN STRATUM 
TASK.NOISE.SYL.LEN 
RESIDUAL 
TOTAL
SUBJ.TASK.NOISE.SYL.CONF STRATUM 
TASK.NOISE.SYL.CONF 
RESIDUAL 
TOTAL
S U B J . TASK.NOISE.LEN.CONF STRATUM 
TASK.NOISE.LEN.CONF 
RESIDUAL 
TOTAL
SUBJ.TASK.SYL.LEN.CONF STRATUM 
TASK.SYL.LEN.CONF 
RESIDUAL 
TOTAL
SUBJ.NOISE.SYL.LEN.CONF STRATUM 
NOISE.SYL.LEN.CONF 
RESIDUAL 
TOTAL
TASK. NOISE.SYL.LEN. CONF 
RESIDUAL 
TOTAL
GRAND TOTAL
1 649.8 0.03 649.8 0.614
9 9517.9 0.39 1057.5 2.653
10 10167.7 0 .42 1016.8 2.551
1 2714.4 0.11 2714.4 2.343
9 10428.9 0.43 1158.8 2.907
10 13143.4 0 .5 4 1314.3 3 .298
1 2928.2 0 .12 2928.2 2 .439
9 10803.5 0 .45 1200.4 3.012
10 13731.7 0.57 1373.2 3.445
1 0.1 0.00 0.1 0.001
9 1035.6 0 .0 4 115.1 0 .289
10 1035.7 0 .0 4 103.6 0 .260
1 6177.6 0 .26 6177.6 7.250
9 7668.5 0 .32 852.1 2 .138
10 13846.1 0.57 1384.6 3 .474
1 68.5 0.00 68 .5 0.095
9 6491 .2 0.27 721.2 1 .810
10 6559.6 0.27 656.0 1.646
1 T7346.1 0 .72 17346.1 3.808
9 40998.0 1 .69 4555.3 11.429
10 58344.0 2.41 5834.4 14.638
1 2442.1 0 .10 2442.1 1.891
9 11620.1 0 .48 1291 .1 3 .239
10 14062.1 0.58 1406.2 3.528
1 1505.1 0.06 1505.1 0.920
9 14719.8 0.61 1635.5 4.103
10 16224.9 0 .67 1622.5 4.071
1 720.0 0.03 720.0 0.892
9 7266.3 0 .30 807.4 2.026
10 7986.3 0.33 798.6 2 .004
1 8694.4 0 .36 8694.4 6.672
9 11728.4 0 .48 1303.2 3.269
10 20422.9 0 .8 4 2042.3 5 .124
1 25.3 0.00 25.3 0.023
9 9890.3 0.41 1098.9 2.757
10 9915.6 0.41 991.6 2 .488
iTUM
1 316.0 0.01 316.0 0.793
9 3587.2 0.15 398.6
10 3903.3 0.16 390.3
319 2419318.0 100.00
***** ANALYSIS OF VARIANCE ***** EXPERIMENT 9
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SOURCE OF VARIATION DF SS SS: MS VR
SUBJ STRATUM 
NOISE 
RESIDUAL 
TOTAL
1
38
39
13.3225 
201.0550 
214.3775
1 .57 
23.71 
25.28
13.3225
5.2909
5.4969
2.518
8.710
9.049
SUBJ.LENGTH STRATUM 
LENGTH
LENGTH.NOISE 
RESIDUAL 
TOTAL
1
1
38
40
6.0025
2.4025
40.2950
48.7000
0.71
0.28
4.75
5 .74
6.0025 
2.4025 
1 .0604  
1.2175
5.661
2.266
1.746
2 .004
SUBJ.POSITION STRATUM 
POSITION 
POSITION.NOISE 
RESIDUAL 
TOTAL
4
4
152
160
292.5650
0.7650
185.6700
479.0000
34.51
0 .09
21.90
56.49
73.1413 
0.1912 
1.2215 
2.9938
59.878
0.157
2.011
4.929
SUBJ.LENGTH.POSITION STRATUM
LENGTH.POSITION 4 3.2350 0 .3 8  0.8087
LENGTH.POSITION.NOISE 4 10.2350 1.21 2.5587
RESIDUAL 152 92.3300 10 .89  0.6074
TOTAL 160 105.8000 12 .48  0.6613
1.331
4.212
GRAND TOTAL 399 847.8775 100.00
***** ANALYSIS OF VARIANCE *****POST HOC ANALYSIS EXPERIMENT 9
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SOURCE OF VARIATION OF SS SS: MS VR
SUBJ STRATUM 
NOISE 
RESIDUAL 
TDTAL
1
38
39
13.3225 
201.0550 
214.3775
1 .57
23.71
25.28
13.3225
5.2909
5.4969
2.518
8.710
9.049
SUBJ.LENGTH STRATUM 
LENGTH
LENGTH.NOISE 
RESIDUAL 
TOTAL
1
1
38
40
6.0025
2.4025
40.2950
48.7000
0.71
0 .28
4.75
5 .74
6.0025 
2.4025 
1 .0604  
1.2175
5.661
2.266
1.746
2 .004
SUBJ.POSITION STRATUM 
POSITION 
REGI 
REG2
DEVIATIONS 
POSITION.NOISE 
REGI.DEV 
REG2.DEV 
DEVIATIONS 
RESIDUAL 
TOTAL
SUBJ.LENGTH.POSITION STRATUM 
LENGTH.POSITION 
DEV. REGI 
DEV.REG2 
DEVIATIONS 
LENGTH.POSITION.NOISE 
DEV.REGI.DEV 
DEV.REG2.DEV 
DEVIATIONS 
RESIDUAL 
TOTAL
GRAND TOTAL
4 292.5650 34.51 73.1413 59.878
1 42.4004 5.00 42.4004 34.711
1 229.6333 27.08 229.6333 187.991
2 20.5313 2 .42 10.2656 8 .404
4 0.7650 0.09 0.1912 0.157
1 0.1837 0 .02 0.1837 0.150
1 0.3000 0 .0 4 0.3000 0.246
2 0.2812 0.03 0.1406 0.115
152 185.6700 21.90 1.2215 2.011
160 479.0000 56.49 2.9938 4.929
4 3.2350 0 .38 0.8087 1.331
1 2.4704 0 .29 2 .4704 4.067
1 0.1333 0 .02 0.1333 0.220
2 0.6313 0.07 0.3156 0.520
4 10.2350 1.21 2.5587 4.212
1 8.5204 1 .00 8.5204 14.027
1 1.6333 0,19 1 .6333 2.689
2 0.0813 0.01 0.0406 0.067
152 92.3300 10 .89 0 .6074
160 105.8000 12.48 0.6613
399 847.8775 100.00
2 110 .
***** ANALYSIS OF VARIANCE *****EXPERIMENT 10
SOURCE OF VARIATION DF SS SS: MS VR
SUBJ STRATUM
NOISE 1 2790.04 13 .08  2790.04 9.193
RESIDUAL 34 1 0318.62 48.39 3 03.49 24.380
TOTAL 35 13108.66 61.47 374.53 30.087
SUBJ.TASK STRATUM
TASK 1 4363.15 20.46 4363.15 1 40.637
TASK.NOISE 1 187.39 0 .88  187.39 6 .040
RESIDUAL 34 1054.83 4 .95  3 1 .0 2  2 .492
TOTAL 36 5605.37 26.29 155.70 12.508
SUBJ.RESPONSE STRATUM
RESPONSE 1 1728.83 8.11 1728.83 171.881
RESPONSE.NOISE 1 3.23 0 .0 2  3 .23  0.321
RESIDUAL 34 341 .98  1 .6 0  10.06 0.808
TOTAL 36 2074.04 9.73 57.61 4.628
SUBJ.TASK.RESPONSE STRATUM
TASK.RESPONSE 1 106 .14  0 .50  106 .14  8.526
TASK.RESPONSE.NOISE 1 7 .7 6  0 .0 4  7 .7 6  0.623
RESIDUAL 34 423.25 1 .9 8  12 .45
TOTAL 3 6 537.15 2 .52  1 4 .92
GRAND TOTAL 143 21325.22 100.00
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* * *
REPET
EXPERIMENT 1 ***
NOREPET
CONTEXT NDN-CDN CON NON-CON CON NON-CON CON NON-CON CON
SERIAL P O ST . 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
lO IS E LEVEL: 65dBC
SI D IS IM
SIM
2 2 2 2 1 2 3  
211  21 21
3 3 3 3 3 2 3
3 1 3 3 2 1 3
3 1 1 2 1 1 3  
3 1 0 0 0 2 1
3 1 3 1 1 2 2  
3 2 1 1 1 2 2
3 2 2 1 1 1 3  
3 2 2 0 1 1 0
3 2 2 3 2 0 2  
3 1 3 3 1 2 3
3 1 1 3 2 2 2  
3 2 1 1 0 0 0
3 1 2 1 2 3 1  
3 3 2 2 2 2 3
S2 D IS IM
SIM
3 3 3 3 2 3 2
2 3 3 3 3 3 3
3 3 3 3 2 2 3
3 3 3 3 3 3 3
3 3 2 3 2 3 3  
2 3 1 2 0 0 2
3 3 3 2 1 2 3  
3 3 3 3 3 3 3
3 3 2 3 2 3 3
3 2 2 3 2 2 3
3 3 2 3 1 1 2  
3 3 1 2 2 3 3
3 3 3 3 3 2 3  
2 2 2 2 1 1 1
3 3 2 1 1 2 3  
3 3 2 2 3 2 3
S3 D IS IM
SIM
3 3 3 3 2 1 3  
3 3 2 2 2 1 1
3 3 3 3 2 2 2
3 3 3 3 3 3 3
3 3 3 3 2 2 3  
3 2 2 1 2 1 2
2 2 3 2 0 0 1
3 3 3 3 2 2 3
3 3 3 3 3 3 3  
211  01 02
3 2 3 3 3 0 1
3 3 3 3 3 2 3
3 2 2 3 3 2 3  
3 1 0 0 2 1 3
3 3 3 1 0 1 0  
3 3 2 2 1 2 3
S 4 D IS IM
SIM
1 1 3 3 1 0 1  
1 2 1 1  ODD
2 3 2 2 0 0 1  
2 2 2 2 1 0 2
3 1 1 1 0 1 1  
3 3 1 2 1 0 1
2 2 1 0 0 0 0  
3 2 2 2 2 2 0
3 2 0 1 0 0 1  
101  O i l  2
2 3 1 1 0 1 0  
3 2 2 0 0 0 2
3 2 1 2 0 0 2  
2 2 2 1 0 0 0
2 2 0 1 0 1 1  
3 1 1 0 2 2 1
S5 D IS IM
SIM
3 1 3 3 2 1 3  
2 1 1 1 0 3 2
3 2 3 3 1 1 3
2 2 2 2 2 2 3
2 0 0 0 0 1 3  
2 3 2 1 1 0 1
3 1 3 0 1 3 3  
2 1 1 2 1 2 2
3 2 1 1 1 2 3  
321  0111
3 1 0 1 0 0 3  
3 2 1 1 1 1 3
2 2 3 3 2 2 2  
2 2 1 0 0 1 1
3 3 2 3 0 0 2
2 1 1 1 1 1 3
SB DI SIM
SIM
2 2 3 2 D 1 2 
2 3 3 2 2 1 1
3 3 3 3 1 0 2
3 3 3 3 1 2 2
3 2 3 3 2 2 3  
2 2 2 1 1 0 1
3 3 3 0 0 2 1  
2 3 3 3 1 0 2
3 3 3 3 2 1 3  
1 1 0 0 1 1 0
3 2 3 2 2 0 1
3 3 1 1 0 1 3
3 3 3 3 2 2 3
2 2 2 0 0 0 1
3 2 3 2 1  00  
3 2 2 3 2 0 3
S7 D IS IM
SIM
3 3 3 3 3 2 3  
2 2 2 2 2 1 1
3 3 3 3 1 2 3  
3 2 2 2 2 2 3
3 3 3 3 3 1 3
3 3 2 2 0 1 1
3 2 2 1 1 0 2  
3 3 2 2 1 1 3
3 3 3 3 3 3 3
3 3 0 1 1 1 1
3 2 2 3 2 2 2
3 3 1 1 2 2 2
3 3 3 3 3 3 3  
3 2 2 1 1 0 1
3 2 3 1 0 3 2  
3 3 2 1 2 0 2
SB D IS IM
SIM
3 3 3 3 1 1 3  
2 D 2 2 1 11
2 3 3 3 1 1 3
3 3 3 3 3 3 3
3 2 2 3 2 1 3  
3 1 0 1 0 3 2
2 1 3 1 1 3 0  
2 2 1 3 2 3 2
3 3 3 1 2 3 3  
3 1 0 1 2 0 1
2 2 2 2 2 3 1  
3 3 1 2 1 2 2
3 3 3 2 2 2 3  
3 2 3 2 0 1 2
3 3 3 2 2 2 2  
3 2 2 1 1 2 2
S9 D IS IM
SIM
2 2 3 1 1 0 0  
2 D D 0 1 00
2 1 2 2 0 0 1  
3 3 3 3 1 0 3
2 2 2 1 1 2 3  
0 0 0 1 2 1 2
1 0 2 1 1 0 1  
1 3 2 0 0 1 2
2 2 2 3 1 0 2  
2 2 1 0 0 0 1
21 01 011 
2 1 0 1 1 2 2
3 3 2 0 2 0 2  
1 01 01 01
2 2 1 1  21 0 
2 2 1 1 2 2 1
SI 0 D IS IM
SIM
3 2 2 3 1 1 3  
2 1 0 0 1 2 2
3 2 2 3 1 1 2  
3 1 1 2 2 2 3
3 2 2 2 2 0 3
3 1 1 1 1 1 1
2 2 0 0 0 1 2  
2 1 1 1 1 1 2
2 2 3 3 1 1 3
2 3 1 2 0 1 1
111  301  0 
3 2 1 1 1 1 2
3 3 3 3 3 2 3  
1 2 0 0 0 1 1
1 2 2 2 0 1 0  
3 1 0 0 1 1 2
NOISE LEVEL; B5 d e c
S 1 1 D IS IM
SIM
3 2 2 2 2 1 3  
3 3 1 1 2 1 1
3 3 2 2 1 1 1
3 3 2 3 3 2 3
3 1 2 1 1 0 2  
3 3 2 0 1 1 2
3 3 1 1 1 1 2  
3 2 2 1 1 0 2
3 3 0 1 0 0 0  
3 3 1 0 0 0 0
3 3 1 2 1 1 2  
3 2 0 0 3 0 1
32 1  21 22  
3 3 2 0 1 0 1
3 2 2 2 0 1 0  
3 1 2 1 2 0 0
SI  2 D IS IM
SIM
3 2 0 0 0 0 2
3 1 1 1 1 1 3
3 2 3 3 1 0 1  
2 3 3 2 1 2 3
2 2 2 2 1 2 3  
2 1 2 1 0 0 2
3 2 1 0 0 1 2  
3 0 0 0 1 1 3
3 3 3 2 2 2 3  
2 1 0 0 0 0 1
31 2 1 1 0 2  
3 1 1 1 0 1 3
2 3 2 2 2 1 3  
3 1 1 0 1 2 2
2 1 0 2 0 0 0  
3 1 0 1 2 0 3
S 13 D IS IM
SIM
2 1 1 1 2 0 2  
2 2 3 3 1 1 0
3 2 3 3 2 2 3
3 3 3 3 2 3 3
2 3 3 3 2 2 2  
3 3 2 1 1 2 1
3 3 3 1 2 1 3  
3 2 3 2 1 1 1
3 3 3 2 0 2 1
2 2 3 3 3 2 3
3 3 3 3 1 0 1  
2 2 3 3 1 1 2
3 3 2 3 0 0 3  
31  211 01
3 2 2 1 2 0 0  
3 2 2 1 3 2 3
SI  4 D IS IM
SIM
3 2 2 3 1 1 2  
11 21 21 2
3 3 2 2 2 2 1
2 2 3 2 0 1 3
2 2 2 2 0 1 3  
3 2 1 1 1 1 3
11 21 2 3 2  
3 2 1 2 0 1 1
2 2 2 1 2 2 2  
3 3 1 1 1 0 2
3 3 3 3 0 0 1  
3 2 0 0 1 1 2
2 2 2 3 0 1 2  
3 2 2 1 0 0 2
2 2 1 2 1 1 2  
3 2 2 1 2 1 0
S 1 5 D IS IM
SIM
3 3 2 3 1 3 3  
3 2 3 3 0 0 1
3 3 3 3 3 2 2
3 3 2 2 2 1 3
3 2 3 2 3 1 3  
3 2 1 1  O i l
3 1 0 0 1 1 2  
3 2 0 1 1 0 3
3 2 3 2 2 2 2  
3 2 3 2 1  01
3 3 3 3 1 1 2  
3 3 1 0 1 2 3
3 3 2 3 2 2 3  
3 3 1 1 2 1 1
3 2 1 0 0 1 0  
3 2 2 2 3 2 3
S1 6 D IS IM
SIM
3 2 2 2 1 0 1  
3 3 1 3 1 0 0
3 3 3 3 1 2 1  
3 3 1 3 0 1 1
3 2 2 2 3 1 1  
3 3 3 2 1 0 1
3 2 0 0 2 1 1  
2 1 2 1 0 0 1
3 3 2 0 0 0 1
3 2 1 1 1 3 3
3 3 1 1 0 2 1  
3 2 1 2 1 1 1
3 3 3 2 2 2 1
3 3 3 1 0 0 0
3 3 1 0 0 1 3  
2 1 2 2 0 1 2
S 1 7 D IS IM
SIM
3 2 1 1 1 2 2  
3 2 2 3 1 1 1
3 2 2 2 0 0 2
3 3 3 3 3 1 3
3 1 2 2 2 1 3  
3 1 1 1 0 1 3
3 3 3 2 0 2 1  
3 2 3 2 1  21
3 2 2 2 0 0 2  
3 1 1 0 0 0 2
3 3 3 2 0 0 0
3 3 1 0 0 0 2
3 3 3 3 1 1 2  
3 2 2 1 0 0 0
3 2 2 1  01 2 
3 0 1 0 0 0 1
S1 8 D IS IM
SIM
3 3 3 3 2 1 1  
1 1 1 1 2 0 0
3 3 3 3 1 0 2
3 3 3 3 1 1 3
3 1 2 2 0 0 1  
3 3 3 2 0 1 0
2 2 3 1 0 0 0  
3 3 2 2 1 0 1
3 2 2 1 0 0 3  
2 2 0 0 1 1 1
3 2 1 3 0 0 1  
2 1 0 0 1 1 2
21 321  23 
3 3 1 2 0 0 2
1 2 3 1 0 0 1  
3 2 2 1 0 0 1
S1 9 D IS IM
SIM
3 2 2 2 1 0 2  
2 2 2 2 0 0 0
3 2 1 2 0 0 1  
2 3 1 1 0 2 3
3 2 1 2 2 2 3  
2 1 2 2 0 0 0
2 1 3 2 1 3 0  
2 0 0 1 1 0 2
3 1 2 2 1 0 3  
2 0 0 0 0 1 0
1 2 3 2 0 0 0  
3 3 2 1 0 2 3
3 2 2 2 0 0 2  
2 1 0 2 1 1 0
2 1 1 1 1 0 0  
3 3 0 0 0 0 3
S 2 0 D IS IM
SIM
2 2 3 3 1 1 2  
3 3 3 3 2 1 2
3 2 3 3 2 2 2  
2 2 3 3 2 1 2
3 3 3 3 2 3 1  
3 2 3 3 1 3 2
2 1 2 1 1 3 2
3 3 3 3 2 3 1
3 3 3 3 2 2 3  
3 3 3 3 2 1 1
3 2 3 3 2 1 0  
3 3 2 2 1 1 2
2 2 3 2 0 1 2  
3 3 1 3 1 0 2
3 2 3 3 1 1 0  
2 2 3 1 2 2 2
EXPERIMENT 2 * * * 233
R EP E T IT IO N REPET NOREPET
LAG 01 2 0 2
CONTEXT NON-CON CON NON-CON CON NON-CON CON NON-CON CON
S ERI AL
NOISE
P O S T .
: LEVEL;
1 2 3 4 5 6 7  
65dBC
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
S1 D IS IM 3 3 2 2 2 2 3 3 3 3 3 0 0 1 3 3 3 3 2 2 3 3 3 3 3 2 3 1 3 2 2 3 1 1 3 3 2 3 3 1 1 2 3 2 2 3 2 3 3 3 3 3 3 3 3 2
SIM 3 3 2 2 2 2 2 3 3 3 3 2 1 3 3 3 3 3 2 2 2 2 3 2 3 3 2 3 3 3 2 0 0 2 0 3 3 3 3 3 3 3 3 2 2 1 1 1 0 3 2 3 2 2 2 3
S2 D IS IM 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 2 3 3 3 3 3 3 3 3 3 3 2 2 3 2
SIM 3 3 3 3 3 3 2 3 3 3 3 3 3 3 3 3 2 2 1 2 3 3 3 3 3 3 3 3 3 3 3 2 1 2 3 3 3 1 1 2 3 3 3 2 1 1 2 3 3 3 3 3 3 3 3 3
S3 D IS IM 3 2 1 1 2 2 3 3 2 3 3 2 3 2 3 2 2 2 1 1 0 3 3 3 0 0 1 2 3 3 2 1 0 1 1 3 3 2 2 1 0 0 3 3 2 3 1 2 2 3 1 2 2 1 1 2
SIM 3 2 2 2 1 1 2 2 2 2 2 2 1 3 3 3 2 2 1 0 1 3 1 2 0 0 3 0 3 3 3 1 0 0 1 3 1 1 2 1 1 2 3 3 2 2 1 2 0 3 1 1 1 1 0 1
S4 O IS IM 3 3 3 3 3 3 3 2 3 2 2 2 2 2 3 3 2 3 2 3 3 3 3 3 1  23 2 3 3 3 3 3 2 3 3 3 3 3 3 1 3 3 2 2 2 2 3 3 3 3 3 1 1 1  1
SIM 3 3 2 2 2 1 0 3 3 3 3 3 2 3 3 3 2 1 1 1 2 3 3 3 3 3 2 3 3 3 1 0 0 1 2 3 3 2 1 2 2 3 3 2 0 2 1 3 3 3 3 3 2 1 1 3
S5 D IS IM 3 3 3 3 3 3 3 3 3 3 3 3 2 2 3 3 3 3 2 2 2 3 3 3 3 1 2 2 3 3 3 3 3 2 2 3 2 2 2 2 2 2 3 3 3 3 3 3 2 2 3 3 2 2 2 0
SIM 3 2 2 1 1 2 2 3 3 3 3 3 2 2 3 3 2 2 0 2 2 3 3 3 2 2 1 3 3 3 2 2 1 0 2 3 3 2 1 0 1 3 3 3 2 3 2 2 2 3 3 3 1 1 2 2
S6 D IS IM 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3 3 3 3 2 3 3 3 3 3 1 1 2 2 3 3 3 3 3 3 3 3 3 3 3 2 0 2 3 3 3 3 3 3 3 2 3 3 2 1 2 2
SIM 2 2 1 1 0 1 1 3 3 3 3 3 3 3 3 3 3 1 1 2 1 3 3 3 3 3 3 3 3 3 3 3 2 2 2 3 2 3 3 2 2 3 3 3 3 2 1 2 2 3 3 3 3 3 3 3
S7 D IS IM 3 3 3 3 1 0 1 3 3 3 3 1 2 1 3 3 1 1 2 3 3 3 3 2 1  01 0 3 3 3 3 2 1 3 3 3 0 1 0 0 0 3 3 2 2 1 2 2 3 3 3 1 0 1 1
SIM 3 3 2 2 1 3 3 3 3 3 3 3 1 2 3 3 1 1 0 0 0 3 2 1 0 0 2 1 3 3 2 2 2 0 2 3 2 3 3 2 1 1 3 3 2 1 0 0 1 3 3 2 1 3 2 3
SB D IS IM 3 3 2 2 1 0 2 3 3 3 3 1 1 1 3 2 1 2 0 1 3 11 21 021 3 3 2 1  111 3 2 2 1 0 1 0 3 3 3 3 1 2 2 1 1 3 3 1 1 1
SIM 3 1 1 1 0 0 1 3 3 2 2 1 0 3 3 2 3 3 0 0 1 3 3 3 2 1 2 2 1 1 0 0 0 0 0 3 1 1 1 1 0 1 3 2 0 3 1 0 0 3 2 2 2 1 0 0
SB D IS IM 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3 3 3 3 3 3 3 3 2 2 1 2 2 3 3 2 3 2 2 3 3 3 3 3 1 0 2 3 3 3 3 3 3 3 3 3 3 2 1 2 1
SIM 3 3 3 3 2 3 2 3 3 3 3 3 3 3 3 3 2 3 3 2 3 3 3 3 3 3 2 3 3 3 2 2 1 0 2 3 3 3 3 3 3 3 3 3 3 3 2 1 2 3 3 3 3 3 3 3
SI  0 D IS IM 3 3 3 3 3 3 3 3 3 3 3 3 2 2 3 3 3 3 1 0 3 2 3 2 0 0 1 2 3 3 2 1 1 2 3 3 3 3 3 2 0 0 3 3 3 3 2 2 3 3 3 3 0 1 0 1
NOISE
SIM
: LEVEL;
3 3 3 3 3 3 3
B5dBC
3 3 3 3 2 2 3 3 3 3 0 0 2 1 3 3 3 3 1 0 2 3 3 3 1 0 0 0 3 3 2 2 2 2 2 3 3 2 2 2 1 1 3 3 2 3 3 0 3
S11 D IS IM 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3 2 3 3 2
SIM 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 2 2 2 3 3 3 2 3 3 3 3 3 3 3 2 1 1 3 3 3 3 3 3 3 3 3 3 2 2 1 2 3 3 3 3 3 3 3 3
S1 2 D IS IM 3 2 2 2 2 2 3 3 3 2 2 1 1 2 3 3 3 3 3 3 3 3 3 3 2 1 0 1 3 3 3 3 2 2 3 2 2 1 2 1 2 1 3 3 2 2 2 3 3 3 3 2 1  01 1
SIM 3 2 2 2 2 1 1 3 3 3 3 2 2 3 3 3 3 2 2 1 2 3 3 3 2 2 3 2 3 2 2 2 1 1 2 3 3 1 1 3 2 2 3 3 3 3 2 2 2 3 3 3 3 3 3 2
SI  3 DI S IM 3 2 2 2 1 1 0 3 2 2 3 2 1 1 3 2 3 2 1 2 0 3 2 3 1 1 0 1 3 3 2 0 1 0 0 3 2 2 1  01 0 3 2 2 2 2 2 1 2 1 1 1 1 0 0
SIM 3 1 1 1 1 0 0 3 3 2 3 1 1 2 3 3 3 1 1 1 1 3 3 1 3 3 1 1 3 3 3 2 0 1 0 3 2 0 0 0 0 1 3 3 2 1 0 0 0 3 2 0 1 2 0 0
S1 4 D IS IM 3 3 2 2 3 2 2 3 3 3 3 1 1 1 3 1 1 1 0 2 2 3 2 2 0 1 1 0 3 1 1 1 0 0 2 3 2 2 0 0 1 0 3 3 1 2 1 1 2 3 3 3 1 0 0 1
SIM 3 2 1 1 1 1 2 3 3 3 3 2 1 3 3 3 3 1 0 1 2 3 3 3 1 0 0 2 3 3 3 1 0 2 0 3 3 1 0 0 0 1 3 3 2 1 1 0 0 3 3 2 0 0 0 2
S1 5 DI S IM 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 3 2 3 3 3 3 3 3 3 3 3 3 3 2 1 2 3 3 3 3 3 1 3 3 3 3 3 2 3 2
SIM 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 2 2 2 3 3 3 3 3 3 3 3 2 1 1 2 3 1 1 3 2 1 1  2 1 3 3 2 2 2 0 1 2 3 2 2 3 3 2 3
S1 6 DI S IM 3 3 3 3 3 3 2 3 3 3 3 3 3 3 3 3 2 2 3 1 1 3 3 3 1 2 2 2 3 3 3 2 1 1 2 3 3 2 2 2 2 2 3 3 3 2 2 3 3 3 3 3 1 2 3 1
SIM 3 3 2 3 1 3 3 3 3 3 3 3 3 3 3 3 2 2 2 1 2 3 3 3 3 2 2 2 3 3 2 2 1 0 2 3 3 1 1 1 1 2 3 3 2 2 0 1 1 3 3 3 2 1 2 2
SI  7 DI S IM 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3 3 3 3 3 3 3 3 3 2 1 1 2 3 3 3 3 3 3 3 3 3 3 3 3 2 3 2 3 3 3 3 3 3 3 3 3 3 3 1 2 2
SIM 3 3 3 3 2 3 2 3 3 3 3 3 3 3 3 3 3 3 0 2 2 3 3 3 2 2 3 3 3 3 3 3 0 0 1 3 3 2 2 3 3 3 3 3 2 3 2 1 2 3 3 3 3 3 3 3
S1 B DI S IM 2 3 2 2 3 3 2 3 3 3 3 3 3 3 2 2 3 2 1 2 2 3 3 3 1 1 2 0 3 3 3 3 1 2 3 3 3 3 3 2 3 2 3 3 3 3 1 1 2 3 2 3 1 2 1 1
SIM 3 2 1 1 0 2 2 3 2 2 2 3 3 3 2 2 1 1 1 2 1 3 2 3 2 1 1 2 3 3 3 2 2 2 3 2 3 2 3 2 3 3 3 3 2 2 0 1 2 3 3 3 2 2 2 3
S1 9 DI S IM 3 3 3 3 3 2 3 3 2 3 3 0 1 0 3 2 1 0 0 0 3 3 1 2 0 0 1 1 3 1 2 1 0 1 3 3 1 0 0 0 1 1 3 3 2 1 0 0 2 2 1 0 1 0 0 0
SIM 3 2 2 1 2 2 1 3 3 3 3 1 1 3 3 2 1 1 1 0 0 3 1 1 1 0 0 1 3 1 1 1 0 0 0 3 3 3 2 2 1 3 3 2 1 1 1 0 0 3 3 2 2 1 0 2
S 2 0 D IS IM 2 2 1 1  O i l 3 2 2 2 1 2 1 3 3 3 0 0 1 1 3 1 1 0 0 1 1 32 1  001 2 3 3 2 2 1 0 0 3 2 3 1 0 0 3 3 3 3 2 1 0 0
SIM 3 2 1 0 0 0 1 3 3 2 2 0 1 1 3 1 3 0 0 0 0 2 2 1 1 0 1 3 3 3 3 2 1 2 1 3 2 3 1 1 1 1 3 2 2 1  01 0 3 2 0 1 0 1 2
2 3 4
RATE
DELAY
CONFUSABILITY 
S ERI AL  P O S T.
SHORT
* * *  EXPERIMENT 
FAST
NC
LONG
NC
SHORT
SLOW
1 2 3 4 5  1 2 3 4 5  1 2 3 4 5  1 2 3 4 5  
NOISE LEVEL:  65dBC
NC
LONG
NC
1 2 3 4 5  1 2 3 4 5  1 2 3 4 5  1 2 3 4 5
SI NO-ARTIC
ARTIC
1 1 1 1 1
3 3 0 2 0
3 3 1 1  0 
3 1 1 1 1
3 2 0 1  0 
321  00
321  23 
3 3 1 1  0
2 2 2 2 3
3 3 3 3 3
3 3 3 3 3
3 3 3 3 3
3 3 2 3 2
3 3 3 3 3
3 3 3 3 3
3 3 3 3 3
S2 NO-ARTIC
ARTIC
3 3 2 0 0
3 2 3 2 3
3 2 3 2 2  
3 2 2 1 1
3 3 2 2 3
3 3 3 3 3
3 3 2 2 2
2 2 2 2 3
3 3 3 3 2
3 2 1 1 2
3 2 2 2 3  
321  23
3 2 1 3 2
3 3 1 1 3
3 2 2 1  2 
3 1 1 0 2
S3 NO-ARTIC
ARTIC
31 211 
3 3 0 0 1
3 3 3 3 3
3 3 3 3 3
20 01  2 
21 22 3
3 3 2 2 2
3 3 3 3 3
3 1 3 1 3  
221 23
3 3 3 2 2
3 3 3 3 3
3 3 3 1 1
3 3 2 2 3
3 3 3 3 3
3 2 2 2 3
S4 NO-ARTIC
ARTIC
2 0 0 1  0 
011 01
3 2 3 1 1
3 3 3 2 2
001 01 
2 21 1  2
31 211 
3 2 2 2 2
11 0 0 0  
1 1 1 1 2
2 1 1 1 1
3 3 2 2 3
2 0 0 1  2 
001 00
3 3 3 3 3
3 3 2 2 3
S5 NO-ARTIC
ARTIC
31 O i l  
31 01 2
2 0 0 1 1  
21 211
31 O i l  
2 2 2 1 1
1 1 1 2 2  
3 3 2 1  2
3 3 3 2 2
3 2 2 3 3
321  22  
2 2 2 2 2
3 3 3 3 3
3 3 3 3 3
3 2 2 3 3
3 3 3 3 3
SB NO-ARTIC
ARTIC
3 2 0 2 1
3 1 2 2 2
3 31  01 
221 23
3 1 1 1 2
3 0 0 2 2
3 21  22  
3 3 1 1 3
3 11  21 
3 3 3 3 3
3 3 3 3 3
3 3 3 3 3
3 2 2 1 1  
31 0 2 2
3 3 3 3 3
3 3 3 3 3
S7 NO-ARTIC
ARTIC
3 2 2 1 1  
30 1  00
22 2 1  2 
321  00
31 221 
3 1 1 0 1
3 3 0 1  1 
3 3 1 0 2
30 1  01 
31 21 2
3 2 3 2 3
3 3 2 2 3
21 001 
2 2 1 1  2
3 3 3 3 3  
3 2 1  23
SB NO-ARTIC
ARTIC
3 2 2 2 2  
3 3 1 1  3
3 3 3 2 2
3 3 3 2 2
3 2 2 0 2
3 2 2 2 1
3 3 2 2 3
3 3 3 3 3
3 1 1 1 1  
211 00
3 2 2 3 2
3 3 3 2 2
321  23 
3 3 2 2 2
3 3 2 2 3
3 3 3 3 3
SB NO-ARTIC
ARTIC
321  01 
2 2 1 1  2
211 01 
3 2 1 1  2
211 03 
3 3 3 2 2
3 3 3 2 2  
31 011
3 3 3 3 3
3 3 3 3 3
3 3 3 3 3
3 3 3 3 3
3 3 3 3 3
3 2 2 2 2
2 2 3 3 3
3 3 3 3 3
SI  0 NO-ARTIC
ARTIC
3 2 2 1  2 
311  22
2 2 2 2 3
3 3 3 3 3
3 1 1 0 2  
23 1 1  2
3 3 2 3 2  
31 21 3
3 2 2 0 0
3 2 2 2 2
3 3 3 3 3
3 3 3 3 3
221  23 
3 21  23
3 3 3 3 3
3 3 3 3 3
NOISE  LEVEL:  B5dBC
S 1 1 NO-ARTIC
ARTIC
3 3 2 0 1  
3 2 1 1 1
3 1 1 1 0
3 2 2 2 1
3 1 1 1 1
3 3 2 1 1
3 2 2 2 2
3 3 3 3 3
3 3 3 2 2  
3 21  22
3 3 3 3 3
3 3 3 3 3
3 2 2 3 2  
221 33
3 3 3 3 3
3 3 3 3 3
SI  2 NO-ARTIC
ARTIC
3 3 2 1  2 
3 3 2 3 2
2 2 2 2 2  
321  21
3 3 3 3 3
3 3 2 3 2
3 2 2 2 3
3 3 3 3 3
3 3 1 1 3  
311  22
3 3 3 3 3
3 3 3 3 3
3 3 3 2 2
3 3 3 3 3
3 2 2 2 3
3 3 3 3 3
S1 3 NO-ARTIC
ARTIC
3 1 2 1 1  
31 011
311  23 
3 2 2 2 3
2 0 0 2 3
3 0 2 1 3
3 3 3 3 3  
211 23
3 2 2 2 2
3 2 2 0 2
3 3 3 3 3
3 3 3 3 3
3 0 0 1 3
3 2 1 1 3
3 2 2 3 3
3 3 3 3 3
SI  4 NO-ARTIC
ARTIC
2 0 1 1 3  
1 002 1
3 3 3 3 3
3 3 2 2 2
3 0 1 1 1  
221  00
3 2 2 2 3
3 3 3 2 2
3 3 3 1 1
3 3 3 2 2
3 3 3 3 3
3 3 3 3 3
3 3 2 1 1  
3 2 1 3 2
3 3 3 3 3
3 3 3 2 2
SI  5 NO-ARTIC
ARTIC
311  01 
3 3 2 1 1
3 3 1 0 2  
21 201
21 2 2 2  
3 3 2 2 3
3 2 3 2 2
3 3 3 2 2
3 2 1 1 2  
31 01 2
3 3 3 3 3
3 3 2 2 3
33 1  21 
2 2 1 1 2
3 3 3 3 3
3 3 3 3 3
S 16 NO-ARTIC
ARTIC
31 211 
2 2 0 2 1
21 211 
3 3 2 2 2
31 21 0 
2 1 1 1 1
3 3 3 3 3
3 3 2 1 1
3 1 1 1 2  
3 211 2
3 3 3 3 3
3 3 3 3 3
3 2 2 2 2
2 2 0 0 2
3 3 3 3 3
3 3 3 3 3
S 1 7 NO-ARTIC
ARTIC
3 3 2 2 2  
211  23
3 2 0 2 2  
1 0 0 0 2
3 2 1 1  2 
1 3 0 2 1
3 3 2 2 3  
211 02
3 2 3 1 2  
3 21  21
3 3 1 1  2 
2 3 2 1  2
3 3 3 3 3  
211  00
3 3 3 3 3
3 3 3 3 3
SI  B NO-ARTIC
ARTIC
21 301  
3 3 0 1 1
3 2 2 3 3  
3 2 2 1  2
3 0 0 0 0
3 3 2 2 2
3 2 2 3 3
3 3 2 2 3
3 2 1 1 2
3 3 3 3 3
2 2 2 3 3
3 3 3 3 3
3 2 2 2 2
3 2 3 3 2
3 3 3 3 3
3 3 3 3 3
SI  9 NO-ARTIC
ARTIC
3 3 3 3 3
3 3 3 3 3
3 3 3 3 3
3 3 2 2 3
22 21  2 
3 2 2 2 3
221 21 
1 1 2 2 3
321  22 
3 3 2 2 3
3 3 3 3 3
3 3 3 3 3
3 2 2 3 3
2 2 3 3 3
3 3 3 3 3
3 3 3 3 3
S 2 0 NO-ARTIC
ARTIC
211 23 
3 2 3 1  2
3 2 1 1  2 
3 3 1 1 3
301  02  
3 3 2 2 3
1 031  2 
3 2 1 1  2
3 2 1 1 1
3 3 2 2 3
3 3 2 2 3
3 3 3 2 2
3 3 3 2 2  
3 0 0 1  1
3 2 2 3 3
2 2 2 3 3
2 3 5
RATE
DELAY
CONFUSABILITY 
SE RI AL  P O ST .
SHORT
♦ ♦ ♦  EXPERIMENT 
FAST
NC
LONG
NC
* * *
SHORT
SLOW
NC
LONG
NC
1 2 3 4 5  1 2 3 4 5  1 2 3 4 5  1 2 3 4 5  
NOISE  LEVEL:  85dBC
1 2 3 4 5  1 2 3 4 5  1 2 3 4 5  1 2 3 4 5
SI NO-ARTIC
ARTIC
31 021 
2 2 1 1 1
21 001 
2 2 2 2 1
221  00 
3 1 0 2 2
2 1 1 1 1  
321  00
32 1  21 
32 1  21
3 3 3 3 3
3 2 2 2 3
2 2 2 1  2 
2 2 0 0 1
3 2 2 2 3
3 3 3 3 3
S2 NO-ARTIC
ARTIC
1 1 2 1 1
3 2 0 0 1
2 0 0 0 2
3 3 3 3 3
3 2 1 1 0
3 2 2 2 2
1 0 1 1 2  
21 001
31 2 23  
211  22
3 3 2 1  2 
3 3 3 3 3
31 1  21 
3 1 1  22
3 3 3 3 3
3 2 2 2 2
S3 NO-ARTIC
ARTIC
111  01 
211 22
3 1 1 1 1  
3 2 1 1  3
3 0 1 1 1  
3 2 0 1  0
3 3 2 3 2
3 2 2 2 3
1 0001  
321  20
3 3 3 3 3
3 3 3 3 3
21 001 
2 21 1  2
3 3 3 2 2  
221  22
S4 NO-ARTIC
ARTIC
211 22  
3 2 2 2 2
2 2 3 2 2
3 3 2 2 3
2 2 2 1  2 
3 1 1 1 2
3 2 3 2 2
3 3 3 3 3
3 3 3 2 2  
211 02
1 21 00  
2 1 3 2 3
2 2 0 2 0
1 1 1 0 1
3 1 3 1 3
3 2 3 2 3
S5 NO-ARTIC
ARTIC
201 01 
1 1 1 1 1
3 2 2 1 1  
21 01 0
211 00 
31 21 2
2 2 2 2 2
1 1 1 0 0
3 2 0 1  1 
1 1 1 1 1
3 2 2 2 2
2 2 1 1 1
221  22  
30 1  03
1 01 1 1
3 3 2 2 2
SB NO-ARTIC
ARTIC
21 O i l  
31 0 2 0
3 2 2 3 3
3 3 3 3 3
2 2 1 3 3  
31 223
211 23 
3 3 3 2 2
21 01 0 
311  01
3 2 3 2 3
3 3 2 3 3
3 1 1 1 1  
3 2 1  00
2 1 2 2 3
3 2 3 2 3
S7 NO-ARTIC
ARTIC
1 01 23 
3 2 2 0 1
321  02  
321  01
1 01 21 
3 1 2 1 1
2 2 2 2 3  
3 2 2 1 1
3 3 2 3 2
3 1 1 3 3
3 3 3 2 2
3 3 3 3 3
3 2 2 2 2  
21 2 0 0
3 3 3 3 3
3 3 3 3 3
SB NO-ARTIC
ARTIC
3 2 1 1 1  
201  20
221  21 
2 1 1 1 1
00 0 1  1 
2 2 2 1 1
201 02  
21 2 0 0
1 000 1  
21 O i l
3 2 3 2 3
3 3 3 3 3
1 02 2 1  
31 2 0 0
2 2 1 1  2 
2 2 2 2 3
SB NO-ARTIC
ARTIC
321 01 
2 2 2 1  2
3 2 2 3 3
3 3 3 2 2
3 2 2 1  0 
1 0 1 1 3
321  23 
3 3 2 1 1
1 1 3 3 3  
32 1  00
3 2 2 3 3
3 3 3 3 3
2 2 0 1 1  
3 2 2 1  2
2 2 3 2 3
3 3 3 3 3
SI  0 NO-ARTIC
ARTIC
21 3 2 2  
3 2 1 1 1
3 3 3 3 3
3 2 2 3 3
3 11  00 
3 1 0 0 2
3 3 2 1  2 
3 2 1 1 3
21 21 2 
2 2 1 1  2
3 3 3 1 1
2 2 3 3 3
23 23 2 
3 3 3 2 2
3 3 2 2 3
3 2 2 3 3
NOISE  LEVEL: B5dBC
S 1 1 NO-ARTIC
ARTIC
3 1 1 1  2 
311  22
3 3 3 3 3
1 1 1 2 2
2 2 2 0 0  
31 21 0
3 3 2 2 2
3 3 3 2 2
3 2 0 2 0
3 2 2 1 3
3 3 3 3 3
2 2 2 2 2
3 2 2 2 3
3 3 2 2 3
3 3 3 3 3
2 3 3 3 3
SI  2 NO-ARTIC
ARTIC
2 2 2 1 1  
2 3 1 1 1
221  00 
3 3 0 1 1
2 2 1 1 2  
3 21  22
3 1 1 1 2
3 3 3 1 1
11 021 
3 3 0 0 3
3 3 3 3 3
3 3 3 3 3
211  00  
1 00 0 1
2 3 2 2 3
3 3 3 3 3
SI  3 NO-ARTIC
ARTIC
3 2 1 3 2  
331  00
3 3 3 2 2
3 3 3 0 0
3 3 3 1 1
3 3 3 1 1
3 3 3 3 3  
3 3 2 1  2
3 3 2 2 3
3 3 3 3 3
3 3 3 3 3
3 3 3 3 3
3 2 2 1  2 
3 3 3 3 3
3 2 3 2 3
3 3 3 3 3
SI  4 NO-ARTIC
ARTIC
3 1 2 1  2 
3 1 2 1  0
001  00 
3 3 2 3 2
2 0 0 2 2
3 0 3 0 2
1 01 01 
3 2 2 1 3
211 01 
2 2 2 1 1
3 2 2 2 3  
21 2 2 2
211  23 
211  00
2 1 1 1 2
3 2 2 1 3
SI  5 NO-ARTIC
ARTIC
3 2 1 1 1  
3 1 2 1  2
2 2 2 2 2
3 3 3 3 3
32 1  23 
3 3 3 3 3
3 3 3 3 3
3 3 3 3 3
3 3 2 2 3
3 2 2 2 2
3 3 3 3 3
3 2 2 3 3
2 2 2 2 1
3 2 2 2 2
3 3 3 3 3
3 3 3 3 3
SI  B NO-ARTIC
ARTIC
3 3 3 3 3  
211 01
3 3 3 2 2
3 3 2 0 0
2 0 0 1  2 
201 23
3 3 2 2 3
3 3 3 3 3
31 2 2 2  
321  23
3 3 3 3 3
3 3 3 3 3
3 3 3 2 2
3 3 3 3 3
2 2 2 2 2
3 3 3 3 3
S 1 7 NO-ARTIC
ARTIC
1 01 22  
200 1  2
2 2 2 2 1  
1 0111
3 0 0 1  2 
2 2 1 3 3
1 1 1 2 2
3 1 1 1 1
321  22 
2 2 1 1 1
3 2 2 3 3
2 2 2 2 2
32 1  22  
3 21  23
3 3 3 3 3
3 2 2 3 3
SI  B NO-ARTIC
ARTIC
21 01 2 
331  00
3 0 0 1  3 
3 3 3 3 3
3 3 2 2 1  
11 O i l
2 2 1 3 2
3 2 0 0 1
2 1 1 1  2 
2 1 1 1  2
3 3 3 3 3
3 3 3 3 3
1 0 1 1 1  
1 2 2 3 2
3 2 2 3 3
3 3 3 3 3
S I B NO-ARTIC
ARTIC
1 1 0 3 0  
3 2 1 1  2
3 2 2 2 3  
311  22
21 001 
3 1 1 3 3
211  22 
3 2 2 2 3
2 2 2 0 0  
321  23
3 3 3 3 3
3 3 3 3 3
2 2 1 1 1
3 2 2 2 2
3 3 3 3 3
3 3 3 3 3
S 2 0 NO-ARTIC
ARTIC
0 0 0 0 0  
211  00
1 1 1 1 2
3 0 0 0 1
1 1 1 0 2  
21 0 0 2
2 0 1 1  0 
2 0 1 1  2
21 0 0 2  
2 2 2 2 2
1 2 3 1 0  
21 21 2
1 000 1  
221  22
2 1 1 1  2 
3 3 3 3 3
2 3 6
*** EXPERIMENT 5 ***
moï se  LEVEL: 65 dBC
A B C 0 E O' BETA
S1 14 1 4 2 0 1 .7 5 2.BB
82 11 2 1 0 0 1 .83 5 .8 7
S3 22 0 0 0 0 4.5B 1 5 . B5
S4 21 2 0 1 1 3.11 1 . B 4
S5 IB 1 4 3 1 1.B5 2 .1 2
S6 IB 3 B 7 5 1 . 6 4 0.B2
S7 22 4 3 0 1 3.11 0.B3
SB 12 0 1 1 3 1.B0 4 . 5 4
SB 15 2 2 4 1 1 .7 3 2 .28
S10 23 4 5 3 1 3 . 7 0 .07
S11 17 1 1 0 0 2.BB B.7B
S12 23 1 0 2 0 4 .46 0.21
SI 3 14 0 B 1 1 1.BB 2.5B
SI 4 12 3 4 0 2 1.3B 2.41
SI 5 17 1 1 0 1 2 .5 2 4.B2
S16 13 0 2 1 0 2 . 0 4 5 .7 6
S17
NOISE LEVEL:
10
B5dBC
2 0 1 0 1.71 5 .7 6
S1 1B 2 7 1 1 2.01 1 .5 6
S2 11 1 1 1 0 1 . 63 5 .87
S3 20 B B 4 4 1 .BB 0 .7 6
S4 20 0 0 1 0 3 . 4 5 B.01
S5 17 1 4 3 0 2 .0 5 2.21
SB 21 2 2 1 0 3 . 0 1 . 5 4
S7 17 0 1 0 0 2.B7 12 .3 5
SB 17 1 0 1 0 2.BB 6 .7 8
SB 23 0 1 0 1 4.B3 0 .3 0
S10 17 2 3 1 2 2 .05 2.21
S11 10 1 0 1 0 1.BB B.11
S12 IB 0 0 0 0 3.BB 50.43
S13 21 1 0 0 0 3.BB 5.BB
S14 IB 3 5 2 0 1.7B 1.B7
S15 22 1 1 0 0 3 .7 6 1.B3
S1B 22 0 0 0 0 4.5B 1 5 . B5
S17 20 B 10 B B 1.4B 0 .56
2 3 7
**** EXPERIMENT 6
RECALL RECOGNITION O' BETA
A B C 0 E
NOISE LEVEL: BBdBC
S1 1B 22 1 1 1 0 3 . OB 3 . 1 2
S2 16 21 5 7 0 0 2 .26 1 . 3 5
S3 13 IB 0 0 0 0 3 .0 7 12.B1
S4 B 17 B B 7 7 1 .23 1 .21
S5 12 20 2 2 0 1 2 . 5 4 2.B7
SB 10 15 3 4 2 2 1.5B 2.41
S7 B 15 1 0 1 0 2 .37 B.31
SB 11 17 0 1 1 0 2 .56 B.07
SB 14 IB 0 0 1 0 3 .0 7 12.B1
S10 18 20 0 3 0 0 2 .77 4 .5 2
S11 11 14 0 0 0 0 2 .56 1 7 .8 8
SI 2 IB 21 0 0 0 0 3 . 3 6 10 .07
S13 12 IB 1 3 0 1 2 .40 3 . 3 0
S14 4 8 4 B 7 4 0.5B 1.53
S15 17 17 1 3 0 1 2 .17 3 . 8 4
SIB 11 20 5 B 5 B 1.7B 1 . 1 0
S17 IB 23 0 0 0 1 3 .7 7 B.16
S1B 13 21 4 5 B 2, 2 .07 1.0B
SIB B B 0 0 1 0 1 . 7 0 14 .33
NOISE LEVEL: 75dBC
S1 7 B 3 2 0 2 O.BB 2.80
S2 B 14 4 4 B 3 1 .2 7 1 . 8 4
S3 B 13 2 1 1 1 1 . 7 8 4 .37
S4 15 21 1 2 1 2 2 . 60 2 .2 2
S5 11 IB 0 0 0 0 2 .72 15 .58
SB IB 20 3 1 2 1 2 .38 2 .3 0
S7 7 11 3 B 4 1 O.BB 1.BB
SB 15 IS 1 5 1 0 2 .2 5 2.5B
SB 14 13 2 1 0 0 1.BB 6.51
S10 17 23 1 2 0 0 3.31 2 .32
S11 11 IB 7 B 4 7 1 .53 1 .1 0
SI 2 B 17 1 4 5 5 1 . 63 1.7B
SI 3 11 15 0 0 1 0 2 .6 2 16 . 20
SI 4 14 17 1 0 1 0 2.56 8 .07
SI 5 14 23 0 1 0 1 3 .4 8 3 . 2 2
S1B IB 13 1 0 0 0 3 .0 7 12.B1
S17 11 15 1 0 0 1 2 .3 7 S . 31
NOISE LEVEL: BBdBC
SI 18 IB 1 1 0 1 2.63 5.01
S2 22 22 0 0 0 0 3 . 5 4 B.2B
S3 IB 23 0 0 1 0 3 .7 7 6 .16
S4 11 17 2 5 3 1 1.B0 2.16
SB 12 IB 3 1 0 0 2.17 4.BB
SB 11 15 0 0 0 0 2 . 6 2 16 .2 0
S7 14 15 1 2 3 2 1 .7 5 3 . 0 2
SB 10 20 7 7 5 5 1 .7 3 1 .0 6
SB 12 IB 3 1 1 4 1.7B 2 . 6 4
S10 13 IS 4 2 2 0 2 .1 2 2 .33
S11 12 17 0 3 2 0 2 .17 2.83
SI 2 14 20 1 0 1 0 2 .B4 6 . 37
S13 13 IB 0 0 0 0 3 .0 7 1 2 . B1
SI 4 11 20 1 4 4 3 2.11 1.5B
SI 5 10 17 0 3 3 1 2 .0 2 2.BB
SIB 5 15 3 7 11 5 1 .1 3 1 . 4 5
KEY: A -  NO. OF WORDS RECOGNISED
B -  SYNONYM CONFUSIONS 
C -  HIGH ASSOCIATE CONFUSIONS 
0 -  ACOUSTIC CONFUSION.:S 
E -  RANDOM DISTRACTOR CONFUSIONS
2 3 8
*  *  * EXPERIMENT
SI
NON-CONFUSABLE 
B5dBC READ 270 262 283 254 275
REHEARSE 247 248 284 281 270
85dBC READ 301 269 288 297 300
CONFUSABLE 
283 374  283 283 316 
280 282 278 287 279 
326 304 330 294 314
REHEARSE 300 284 279 281 279 295 309 352 316 291
S2
BBdBC READ 284 299 280 ♦♦♦ 299
REHEARSE 296 264 285 267 269
BBdBC READ 386 359 382 315 315
REHEARSE 342 355 259 291 292
33 4 461 362 355
303 309 342 289 492 
308 310 580 506 335 
477 400 295 3 41 482
S3
BBdBC READ 39 8 411 397 3 82 422
REHEARSE 335 459 378 414 374
BBdBC READ 415 394 417 419 428
REHEARSE 428 3 86 413 42 9 417
391 410 374 462
419 375 403 423 430 
393 372 346 372 419 
43 2 442 423 3 88 506
S3
BBdBC READ 46 8 505 488 46 7 461
REHEARSE 440 436 472 442 496
BBdBC READ 465 392 425 430 439
REHEARSE 46 7 510 495 513 508
488 47 9 511 53 0 482 
456 442 545 466
473 446 451 446 422 
507 471 498 522 548
S4
BBdBC READ 320 26 5 283 291 267
REHEARSE 266 289 251 315
BBdBC READ 271 280 302 305 265
REHEARSE 293 267 419 3 05 3 23
302 390 421 391 309 
356 322 3 04 315 441
303 3 02 312 287 460 
371 390 378 398 325
SB
BBdBC READ 40 2 3 9 8 3 62 378 3 84
REHEARSE 360 337 418 345 356
BBdBC READ 306 341 351 341 345
REHEARSE 313 344 351 337 315
46 3 406 407 400 3 96 
398 423 392 379 427 
348 345 358 373 320 
412 349 349 366 355
SB
BBdBC READ 402 484 428 502 446
REHEARSE 458 437 433 432 423
BBdBC READ 486 474 498 496 515
REHEARSE 554 53 6 528 537 5 47
534 530 485 465 491 
500 46 2 43 6 43 6 463 
514 491 501 550 500 
606 557 553 558 562
S7
BBdBC READ 466 383 421 512 412
REHEARSE 517 596 549 411 523
BBdBC READ 464 425 420 487 468
REHEARSE 470 46 4 413 424 402
46 4 43 3 452 428 460 
588 600 46 5 515 476 
532 499 512 434 447 
463 450 524 422 433
SB
BBdBC READ 390 409 389 394 377
REHEARSE 360 366 378 377 391
BBdBC READ 346 362 347 378 354
REHEARSE 385 369 353 374 393
369 365 407 452 369 
340 3 22 3 27 3 4 9 372 
328 320 329 317 369 
359 377 363 354  340
S9
BBdBC READ 387 266 283 280 245
REHEARSE 262 248 288 246
BBdBC READ 326 360 300 323 304
REHEARSE 296 282 301 285 275
304 366 310 324  388 
280 334 284 273
♦♦♦ 323 425 3 40 320 
283 312 331 332 316
BBdBC READ 338 282 315 295 330
RBiEARSE 295 298 259 277 266
S10 BBdBC READ 354 3 47 318 3 26 303
R&EARSE **♦ 523 492 457 447
309 315 307 285 284 
288 292 310 300 292 
375 339 326 316 310 
494 492 506 489 466
N.B. All scores are in jiffies, l/60s units
**** EXPERIMENT 8 **♦ SINGLE WORD DATA
2 3 9
65dBC
1 SYLLABLE 2 SYLLABLES 
SHORT LONG SHORT LONG 
C NC C NC C NC C NC
51 144  137 144 149 141 151 149 163
52 118 117 127 122 119 119 132 144
53 123 125 146 148 149 147 162 165
54  129 135 142 141 143 131 143 162
55 117 111 122 117 114 131 128 133
56 090 087 098 105 108 112 122 131
57 122 118 121 132 144 142 139 152
58 099 092 099 1 06 114 1 03 1 20 119
59 1 28 115 1 29 1 34 1 33 1 23 1 30 1 31
810 120 113 119 120 120 124  133 146
85dBC
1 SYLLABLE 2 SYLLABLES 
SHORT LONG SHORT LONG 
C NC C NC C NC C NC
139 1 37 1 63 1 57 1 48 1 54 1 54 1 56
116 119 123 121 131 124  140 127
123 113 144 14 4  158 141 168 154
151 143 1 37 1 49 1 52 1 55 1 51 169
121 112 122 124  122 116 131 136
086 082 094 107 103 109 119 127
111 112 118 1 25 1 29 1 28 1 40 1 43
107 104 115 115 117 120 139 144
114 110 120 116 114 114 128 126
113 115 112 114 114  119 118 126
N.B.. All scores are in jiffies, 1/60 s units
2 4 0
* * *  EXPERIMENT 8 * * *
65dBC
1SYLLABLE 2SYLLABLES
SHORT LONG SHORT LONG
C NC 
TASK: READ
BSdBC
1 SYLLABLE 2SYLLABLES
SHORT LONG SHORT LONG
C NC C NC C NC C NC C NC C NC C NC
SI 339 264 323 342 302 289 336 375 333 299 306 310 334 291 379 371
S2 257 272 312 268 327 295 390 366 281 207 297 282 312 384 352 375
S3 277 249 318 389 297 279 313 360 375 340 333 294 332 301 384 384
S3 338 244 427 352 364 341 492 438 299 242 329 307 368 318 406 415
S5 277 201 312 238 316 271 338 430 234 207 273 245 328 290 366 381
SB 357 202 308 266 284 278 297 329 346 227 328 279 299 295 329 397
S7 334  244 375 320 329 314 379 390 358 374 336 285 341 303 419 424
SB 255 255 277 240 290 255 306 325 333 284 329 295 329 317 373 360
SB 356 234 425 251 271 288 598 340 330 207 213 223 293 252 576 334
S10 292 295 317 286 301 294 362 346 267 251 262 288 290 284 302 345
TASK:REHEARSE
SI 327 231 314 284 342 267 408 357 395 251 377 315 390 302 491 413
S2 338 235 354 264 352 300 421 365 314 225 301 272 341 295 463 379
S3 318 239 318 287 329 287 330 338 304 233 368 316 339 296 343 350
S4 481 262 440 326 398 389 614 492 509 274 634 355 500 451 700 532
S5 293 192 311 262 309 255 491 339 351 236 385 270 392 299 501 408
SB 531 209 546 285 326 263 427 341 402 211 648 286 346 282 444 359
S7 391 227 362 280 292 312 512 370 468 223 452 295 303 294 550 388
SB 354  236 363 274 307 273 429 364 396 311 341 335 361 355 471 435
S9 419 227 464 239 358 263 783 351 560 240 514 231 323 267 733 329
S10 291 259 287 277 296 284 346 365 304 270 292 294 291 296 426 362
N.B. Scores shown are in jiffies, 1/60 s units
2 4 1
* * *  EXPERIMENT 9 * * *
65dBC 
SHORT LONG
BSdBC 
SHORT LONG
51 55321 55432 S21 5553 2 55533
52 54110 54122 S22 54210 55101
53 54345 55414 S23 54201 43323
54 54455 55543 S24 55431 54321
55 55554 55543 S25 55534 55533
SB 55433 44433 S2B 54511 55101
S7 33444 55445 S27 45413 42201
SB 55421 54311 S2B 55554 53111
S9 55544 55544 S29 45541 34443
510 55532 55532 S30 55544 55454
511 55444 54524 S31 54334 54444
SI 2 43 1 20 54300 S3 2 54542 32445
513 55232 44444 S3 3 55522 54431
514 55322 54232 S34 34112 22013
SI 5 43323 34221 S35 45223 54323
SIB 55434 54442 S36 45443 55553
S I7 55544 54554 S37 55321 42112
SI 8 4443 4 55312 S3 8 33433 231 23
519 54423 55421 S39 44303 53322
520 43531 53302 S40 55510 53311
N.B.. Scores represent the 
number of items recalled 
at each of the five serial 
positions.
2 4 2
***EXPERIMENT lO***
SYNONYM RHYME
YES NO YES NO
51 047.25  048 .23 058 .66 060 .10
52 051 . 37 066.13 068 .9 4  073.75
53 057 .60  066 .07  065.68  069.35
54 055.41 059 .77 055.86 061.97
55 047 .18 049 .60  056 .78  071 .90
56 043 .96  047 .66  044.43 050.83
57 051 .28 057.93 071.81 075 .48
58 0 43 .17  058.62  052.81 064 .75
59 052.61 062 .14  058.53 067.21
510 049 .38  056.10  059 .92  063 .15
511 058.35 06 7 .4 4  062 .57  063.81
512 052 .38  061 .79  070.58  072.69
513 054.69  069.27  061.76  062.50
SI 4 044 .96  054 .96  063.70  066 .49
515 0 44 .56  057 .69  062 .84  0 57 .69
516 058.07 066.20 071.95  071 .25
517 053.3 5 067 .48  067 .5  9 070.29
518 053 .6  0 060.70  061 .12 072.40
519 058 .82  064.21 070 .92  079 .17
520 062 .55  068.36 088.33 083 .59
521 050 .70  064.39  068.91 072.06
522 057 .62  064 .27  074.33 088 .22
523 051 .59  058.20  059.03 062.77
524  044 .47 046 .78  059 .0 4  061 .25
525 077 .37  096 .08 102 .57  108 .37
526 071 .79  086 .25  097 .48  098.93
527 066.11 075.80 074 .85  081 . 69
528 053 .59  064 .29 066 .2 4  07 3 .0 4
529 058 .57 061.63 061 .08 072 .65
530 062 .25  070 .60  077.83 087.71
531 057 .92 066.30 07 7 .8 4  076 .90
532 061 .03  067 .65  077.61 082 .52
533 047 .55 054 .40  056 .15  057 .49
534 049 .28  055.11 063 .88  076.23
535 053 .40 059.93 056.50 061 .25
536 054 .92 067 .96 068 .72 085 .05
N.B. Scores represent 
decision times in jiffies 
1/60 s units.
